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| Azoflex Equipment will be demonstrated on 
STAND No. B70 
INSTRUMENTS, ELECTRONICS 
& AUTOMATION EXHIBITION 
| Olympia May 23—28 


Rapid, 
high-quality 


photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 

and developing machine (formerly known as Model 

46/35) is designed for use in the print room of the large 

drawing office. It does not produce unpleasant fumes N 

and special ventilating systems are thus unnecessary, 

making it a simple matter to move the machine to a , , 

. P ' 7 © Exposure, development and print 
delivery synchronized for simplicity 
of operation. 

All controls conveniently located for 
rapid, effortless adjustment. 


new position at any time. 


Pneumatic-assisted handling of 
Originals and sensitised material to 
obviate fatigue. 
Complete design co-ordinated for 
exceptionally high potential output. 
Excellent mechanical layout giving 
silent, vibrationless running. 
® Comprehensive maintenance service 
available at nominal cost. 
Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.\V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions. the majority of 
{ZOFLEX photoprinting machines can be hired 


as an alternative to outright purchase. 


ILFORD Reegr cre. 


PHOTOPRINTING MACHINES & MATERIALS 








Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPT. AZ18&C 


ILFORD, ESSEX. TELEPHONE: ILFord 300 
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The most powerful 
surface grinder in its class? 


NEW ATLAS COPCO 


LS$82 Grinder — 
a multi-purpose 
machine 





Cutting of a woter pipe wath high 
speed cut-off whee 





Surface grinding operations with 
flared cup wheel. 





This expertly designed, heavy duty surface grinder, with a 
high-efficiency vane-type air motor, gives you greater power 
than any other surface grinder in its class. An exceptionally 
high air flow efficiency has given this model a 35% power 
increase over its predecessor. Yet for all its power it weighs 
only 11 Ibs. 

The new grinder is extremely versatile. Fitted with flared 
cup wheels, it can be used for cleaning castings and other 
surface grinding operations; with cut-off wheels attached, it 
can cut all types of metal, ceramics and stone! Wire brushes 
can be fixed to clean furnace scale, rust or paint from all 
large surfaces, and many high-speed cleaning jobs can be 
done by fitting hub wheels. 


Cleaning with wire brush. 






High speed cleaning with hub wheel. 


DESIGN FEATURES 


Highly efficient vane-type air motor with cylinder, rotor and end 
plates precision worked from special steel alloys to give maximum 
life and efficiency. 

Patented speed governor of a new design which holds speed constant 
at all loads and gives complete protection from wheel breakage due 
to excessive speeds. 

Safety throttle of entirely new patent construction completely 
eliminates leakage. 

Efficient exhaust silencer, integral with the motor housing, reduces 
exhaust noise to a comfortable level. 

A complete range of compressed air equipment 

Atlas Copco manufactures portable and stationary compressors, 
rock-drilling equipment, loaders, pneumatic tools and paint-spraying 
equipment. Sold and serviced by companies or agents in ninety 


countries throughout the world. 


SMAtlas Copco PUTS COMPRESSED AIR TO WORK FOR THE WORLD 


| 
| Contact vour local company or agent, or write to 


Atlas Copco AB, Stockholm 1, Sweden, or Atlas Copco (Great Britain) Limited, Maylands Avenue, Hemel Hempstead, Herts. 
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Photograph from “Introducing Animals” published by Spring Books, London 


HIP, HIP ...HURRAH! 


And who wouldn't be cheering when production problems are solved, 
output is flowing freely and business is more prosperous than 

ever. All because of Dunlop flexible pipe assemblies! They're so 
efficient: so economical. Tough as a hippo’s hide and far more 
dependable. They're just what every engineer needs to cope with 
the rigorous conditions in industry today. No wonder there are 
Dunlop flexible pipe assemblies in use all over the world. 


FLEXIBLE PIPE ASSEMBLIES 


DUNLOP MAKE HOSE BETTER TO LAST LONGER 


DEPT. WB2 DUNLOP RUBBERCO.LTD 


(HOSE DIVISION), No. 4 FACTORY ST. GEORGES ROAD COVENTRY 


~FH/OH/1.3(8) 
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Now knocking is a forgotten sound 


-—and one reason why is this ‘engine x-ray’ 


VERY time you fill up with BP Super-Plus, you know you 
E can forget all about knocking. You know you'll get top 
performance in every way . . . the best your car can give... 
first-time starting . . . quicker acceleration . . . clean, trouble- 
free running. The reason? BP Premium Petrols (BP Super- 
Plus and BP Super) are the most tested petrols in the world 

It’s pace-setting technical research that underlies the out- 
standing qualities of BP Premium Petrols. At Sunbury-on- 
Thames BP operates a remarkable Research Centre where 
scientists and technicians in many fields pool their efforts to 
ensure that BP Premium Petrols will give today’s motorist 
better performance than he’s ever known before. 

If you’d like to know more about the technical reasons 
why BP Premium Petrols always give magnificent perform- 


ance, send for the FREE Booklet “Behind Every Pint of 


BP Petrols”’. Fill in and post the coupon alongside today. 
I j 
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What's going on in the picture? 


An engineer studies what is occurring in a test 
engine by means of a cathode ray tube (similar to 


e tube of a TV set). This amazing apparatus 
shows just what is happening in the combustion 
chamber and is used by BP scicntsts to ensure 
that BP Premium Petrols will virtually eliminate 
RNOCRING 


SEND OFF THIS COUPON NOW 


I 

TO BP, 68 LUDGATE HILL, LONDON, E.C.4. 
1 Please send me a copy of the FREE Booklet “ Behind 

1 Every Pint of BP Petrols”’. 

! 
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& is backed by the unmatched commercial 

f a C0 and technical resources of I.C.I. and 
Aluminum Company of America. 

a was formed by these two great 

A companies to give improved technical 
and supply service to industry. 

a , 
extrudes, rolls, draws and fabricates 

; aluminium and aluminium alloys. 

a delivers from stock the shapes and 

A sizes most in demand by British users. 


x sells through the world-wide 
if : a C0 sales organisation of 
Imperial Chemical Industries. 
w 
aluminium products are obtainable 
i palco through your I.C.1. area sales office. 


| Da le 0) Imperial Aluminium Company Limited - Birmingham 
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One man and one hundred nuts 


How long should it take him to fix them? 
According to accepted engineering practice* it would take a worker 
as long as 1987 minutes to assemble 100 5 16” slotted nuts and split pins. Yet the same 


man would take a bare 40 minutes to assemble an identical number 


of Simmonds 5 16” Nyloe self-locking nuts 
Common sense says that it pays to use Simmonds self-locking nuts every time 
when assembly costs run as high as they do today. In fact, with average labour costs 
and overheads, there are savings of over 42 - on every hundred assemblies 
and over £2,000 on every hundred thousan 
Simmonds to carry out a completely thors 


i assemblies. Why not call in 


ugh costing of your assembly operations. 


Our 16 mm Nyloc colour film is available for showing in your factory 


1// times sh n are based on ““The Handbook of Standard Time Data fo 


Machine 
Shops” by Haddon8& Genger, published b 


Thames & Hudson Linuted, London 


fime sare j 


“ue SIMMONDS SELF-LOCKING NUTS 





Firth Cleveland Group 
an. New York, Mannheim and Brussels 
ORC 43N 


SIMMONDS AEROCESSORIES LTD - TREFOREST - PONTYPRIDD - G AMORGAN 
Branches: London, Birmingham, Man: hester, Glasgow, Stockholm, Cope Z r : 
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Announcing... 


DRAGONITE 


Electro-Zinc Coated 


STEEL SHEETS 


Vy) {> 


THE STEEL COMPANY OF WALES LIMITED 


HOME TRADE ENQUIRIES: ABBEY WORKS, PORT TALBOT, GLAMORGAN 


Telephone : Port Ta/bot 3161 Telegrams: Stee!, Port Talbot 


EXPORT ENQUIRIES: MARGAM HOUSE, 26 ST. JAMES'S SQUARE, LONDON, S.W.1 
Telephone : Trafalgar 4300 Telegrams : Co/drold, Piccy, London 


Cables : Coldroid, London 
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HYDRAULIC 
PRE- 5E LECT 


fon greater qpersling speed 
~ faster penelraling capictily 





> —S Photograph by courtesy of 
Me OTIS ELEVATOR CO. LTD. 
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JAMES ARCHDALE & CO. LTD. 
Regd. Office: LEDSAM ST., BIRMINGHAM 16. Telephone: EDGbaston 2276 
Works: BLACKPOLE WORKS, WORCESTER. Te/: Worcester 27081 (6 lines) I= 
A Member of the Staveley Coal & Iron Co. Limited Group .: 
il ad 
Sole Agents : ALFRED HERBERT LTD., COVENTRY Telephone : Coventry 89221 Nw? 
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MERCURY AIRTUG 


WITH KIRKSTALL AXLES 
MOVES THE COMET 4 


KIRKSTALL FORGE ENGINEERING LIMITED 
LEEDS 5, ENGLAND 


TEL: HORSFORTH 2821 (8 LINES) 
CABLE: FORGE, KIRKSTALL 
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FULLY AUTOMATIC 


TRANSMISSION siic'cin 


ORRIVIANIN 
BALL BEARINGS 


of a layshaft type gearbox but, by the clever application of two magnetic powder couplings 


Smiths fully automatic transmission makes use 


and an electro-mechanical control system, gives fully automatic gear changing and elimination 
of the clutch pedal. 
Hoffmann Ball Bearings are fitted in this transmission and contribute much to the smooth- 


ness and efficiency of the whole system 


CAN WE HELP YOUR NEW PROJECT? 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX 
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RADITIONALLY THE BEST 


Clatonrite Weatherstrip being the original manufacture of Weatherstrip 





produced in this country, has outstanding advantages gained through 
the wealth of experience time has given to its manufacturers. Only 
such experience can find the answer to the problems of deciding upon 
CLATO N K ITF the most economical section that can be used to function correctly to 
give ease of application, and a positive water seal. Clatonrite Weather- 
strip has the added advantage of being designed to take the normal 
fillerstrip or our Claylastic fillerstrip which gives a high quality and 


lasting embellishment to the glazing rubber. 


STIKASTRIP 


Stikastrip, our well proved sponge strip, manufactured in Neoprene 
and PVC as well as natural rubber, is secured in position by its own 
adhesive, which may be reactivated at the time of application, leading 


to clean working conditions and a positive bond. 


Our Technical Staff is at your disposal to discuss individual applications 


HOWARD CLAYTON-WRIGHT LTD. 


RUBBER AND PLASTICS ENGINEERS 


WELLESBOURNE WARWICKSHIRE 


TELEPHONE: WELLESBOURNE 316 TELEGRAMS: CLATONRITE WELLESBOURNE 
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With correct use, a DORMER Drill 
of 1” diameter, in its lifetime on gen- 
eral purpose work, will remove 2,800 
times its own weight in material 
(over 12 tons), and drill a total length 
of hole five hundred yards long! 


DORM 


SRST takes at least thirty people—thirty 
pairs of skilled hands—to make one 


DORMER Drill. Every operation is performed by experienced oper- 
ators with the most up-to-date machinery. Careful heat-treatment 
and inspection are equally essential in maintaining the consistently 


high standard of DORMER Tools 








TWIST DRILLS 


THE FINEST BY ANY STANDARD 





that extra little bit... 





It is the consistent high quality and the exceptional ability 

of “Eclipse” tool bits to retain a keen cutting edge that puts 
that elusive production target within your reach. 

A tool bit is only as good as the steel it’s made from, and 
“Eclipse” tool bits are made from the finest H3 Cobalt High 
Speed Steel. In other words, you can rely upon fast, 

accurate cutting and know also that tume-out for regrinds 

is reduced to an absolute minimum. 

Use “Eclipse” tool bits in “Eclipse” tool bit holders from 
today; together they provide the finest cutting combination. 


TOOL BITS 


‘Eclipse’ hacksaw blades and other tools are made by James Neill & Co. (Sheffield) Led and are obtainable from all tool distributors 





UTIS 
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i The making of these components demanded a material combining outstan ability 
with great strength. Fortunately for all concerned, the manufacturer took Pi oblem 

to H.D.A., who evolved special treatments for one of their Hiduminium g Alloys which 
gave it exceptional properties for deep pressing and spinning operatio 

Out-of-the-way problems of this sort are, as you may suspect, only to 


y we suggest that it is better to take them to H.D.A. at once rather 


Ss 





ad oo | | YR 
LOCKNUTS 


The rotor-head of the Westland 
‘Wessex '’’— extensively fitted 
with Philidas Self-Locking nuts. 


Vibration stresses are smoothed out by skilled 

design, but in the Westland ** Wessex” assurance is made doubly 
sure by the extensive use of Philidas self-locking nuts 

at all vital points. The fantastic tenacity of Philidas 
self-locking nuts ts due to an ingenious opposing-torque 

cross-cuts feature which sets up a tension that only a 
spanner can release. High vibration, heat change, oil 

infiltration, constant use under ever-varying stress 

nothing makes Philidas nuts work loose. Once 

tightened—they sfay tight until a spanner shifts them. 
WRITE FOR LATEST CATALOGUE 


PHILIDAS 


PHILIDAS DIVISION—WHITEHOUSE INDUSTRIES LTD 
FERRYBRIDGE, KNOTTINGLEY, YORKS 

Tel: Knottingley 2323 (5 lines) Telex 55166 

London Office and Stockroom - 44 Hertford Street, W.1. Tel: HYDe Park 3888. (3 lines) Telex 23549 
Northampton Office and Stockroom: Countess Road, Northampton. Phone: 3766 Teiex 31624 
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HOW TO SAVE SPRING WEIGHT 
WITHOUT INCREASING STRESS 


Production spring with 6 
leaves redesigned as a 
4-leaf Ideal spring. 


15-leaf commercial 
vehicle spring redesigned 
as I12-leaf Featherlight 
equivalent without 
increase in maximum 
stress. 


TWwWSs 


TOLEDO WOODHEAD SPRINGS LIMITED 
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A new Grommet development 
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EMPIRE RUBBER GROMMET 


Tabilalii-th ae-letecelesliaaleler-lilalemiamel-t—— 
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PAT. APP. No. 5255/59 


This newly developed self-conforming grommet, of sizes and be weather-, water- and dust-proof at a 
because it is immediately self-locking against the variety of angles to the cable or rod. 

elements, is the solution to many of an engineer’s 

sealing problems. Because of its capacity to conform to many varying 
Any one size will not only accommodate itself to a requirements, it enables a workshop stock range 
variety of mounting plate thicknesses, but (designed of grommets to be reduced to perhaps one tenth of 
for cable or control rod) will take these in a variety that at present maintained. 


THE NEW BLIND GROMMET THE NEW DESIGNED GROMMET 
SECOND SEAI 


¥ e > # a i + 
FIRST SEAI r PLATE 


FREE FREE FITTED 


Note how when sprung into position the grommet pro- ‘In the cable grommet variety the same double pressure 
vides a perfect double seal by its own permanent pres- _ seal is created, allied to tight seal on various diameters of 
sures. The angled groove also creates a tight pressure cable. This new grommet gives sound sealing at ail 
hold on the metal plate. vital points. 


we we 


eful feature of this cable grommet is that by re f the designed taper size oO . . ) ) . 
P ize of cable can be accommodated. 
y and the flexibility of the web, a considerable angle of cable No effective seal is afforded by the 


In the conventional grommet, only 
one thickness of plate and only one 


f cab “J size are possible. This avoids necessity for special 


with angled bx parallel groove. 


Ry ty, 
Pon 

ENQUIRE 

for Catalogue section 
THESE GROMMETS WILL SOLVE and detailed particulars. 
YOUR SEALING PROBLEMS. 


Now being produced in a range of sizes. 


EMPIRE RUBBER COMPANY - DUNSTABLE - BEDFORDSHIRE - ENGLAND 


Automobile Engineer, May 1960 





CUT HERB 


Automobile 


Electrical Aids in Industry 


Dielectric Heating-2 


The ability of dielectric heating to generate heat 
through the mass of a suitable material provides 
the following considerable advantages over other 
heating methods. 

1 A body of uniform section and composition is 
raised in temperature uniformly throughout. Hence 
there is no waiting for heat to be transferred from an 
external heat source to the surface of the body and 
thence to its interior, and this is of particular ad- 
vantage when the body is thick, and, as is often the 
case with dielectric materials, has poor heat- 
conducting properties. 

2 The rate of heating of such bodies is, therefore, 
much faster than by external heating methods. 

3 Since there is no external heat source, overheating 
or burning of the surface of a heat-sensitive material 
is avoided. 

4 High thermal efficiency is achieved. 

§ The amount of heat generated in the work is 
usually predictable and power input and heating 
time can be under positive control 

6 Production can start immediately after switching 
on and no current is used, nor heat lost, during 
periods of shut-down. 

7 Vastly increased productivity is obtainable with 
less labour (usually unskilled), and fewer machines 
and less floor space are required. 

8 Flexibility of layout makes it possible to plan the 
factory to best advantage, as dielectric heating 
equipment can usually be inserted directly into 
the production line. 


Dielectric heating: typical application data 
Typical application Frequency ——e y 


Up tor kW 


2 < 
pt 


Thermoplastic 20-1 Mc.p.s 
welding. 

Plastic pre-heating, I cp 2-30 kW 
wood glucing 

Plywood manutacture Abov 370 kW 
Note: 1 Me.p.s. 1,000, 

A few of the industrial applications of dielectric 

heating are briefly described below. 


cycles per second 


Preheating Thermosetting Plastics 

Dielectric heating is the ideal way of preheating 
moulding powder pellets used in the production of 
thermosetting plastic mouldings, since these ma- 
terials are generally poor heat conductors. Properly 
applied, dielectric preheating promotes faster curing 
and hence a shorter moulding time, often increasing 
production ten to fifteen 
times. There is a marked 
reduction in tool wear, and 


thicker sections can be } “ = 
moulded, as the material is - =| 4 





plastic when placed in the if 
mould. There is less 

damage to, and movement => 
of, metal inserts. 





Welding of Thermoplastic Materials 


An important and extensive application of dielectric 
heating in the plastic industry is the welding of 
thermoplastic sheets in the fabrication of such 
commonly used articles as rainco hoods, hand- 
bags, pouches and packaging matcrials. Dielectric 


heating is the only method which can usefully be 
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Data Sheer NO. 11 


employed since the heating electrodes, and hence the 

outside sheet surfaces remain cool while the inside 

surfaces forming the joint are fused, and a perfect 
Iwo or more thermo- 


plastic sheets are welded 8, 


under pressure from elec- 
trodes suitably shaped to — 
the area of weld required, ~~ 


=<=S= 
= 


weld results 


the current being switched 
on at the same time as pressure is applied, and off as 
soon as the weld is compieted and the pressure 
released. Stitching is thus eliminated and a far 
stronger joint achieved 

J 








== — 

In most cases, component pieces are first cut from 
patterns and preliminary welding carried out to 
attach any fastening tabs and the like. The pieces are 
then brought together in a suitable loading frame 
and the main welding carried out to produce the 
complete article. In some cases, a suitably profiled 
electrode can be fitted with a knife edge to cut the 
sheets immediately outside the weld line, welding 
and pattern cutting being thereby carried out in the 
one operation. Dielectric welding can be applied 
also to very large thermoplastic products such as 
linings for swimming pools, and cinema screens. 


Drying 

Drying of materials by dielectric heating has the 
great advantage that the material tends to dry out 
trom the centre, the reverse of what happens when 
external heating methods are employed, and the risk 
of overdrying and overheating of the surface 1s 
eliminated. In general } to 1 unit of electricity is 
required to drive off 1 lb. of moisture, depending 
upon the thermal properties of the material being 
dried. While the removal of large amounts of water 
from inexpensive commodities may sometimes be 
uneconomical, dielectric heating in the production 
line often leads to a higher overall production 
efficiency. It is valuable for removing final moisture 
traces and becomes increasingly economical as the 
value or heat-sensitivity of the commodity increases. 


Rubber 

External heating tends to dry and cure the surfaces 
of a thick latex mass before its centre, but dielectric 
heating properly applied promotes uniform con- 
ditions throughout. 

Loaded rubber may not heat uniformly in a di- 
electric field due to uneven dispersion of its load, 
but nevertheless rubber preforms loaded up to 
about 15", are preheated dielectrically to reduce 
moulding times appreciably, the temperature 
evening out in the mould to give uniform curing. 


Further examples are given in Data Sheet No. 12. 


For further information get in touch with your 
Electricity Board or write direct to the Electrical | 
Development Assoc.ation, 2 Savoy Hill, London, | 
W.C.2. Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and 
productivity (86 each, or 9- post free) are | 
available — “‘ Induction and Dielectric Heating ”’ | 
is an example 

E.D.A. also have available on free loan in the 
United Kingdom a series of films on the industrial 
uses of electricity. Ask tor a catalogue. 
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If product flow goes quick, quick slow —then 
what you need is variable speed. 2400 bottles 
for gin — Gordon’s of course—reach this 
machine every hour, but there can be 3600. 
The gin is there, so the machine must bottle 
faster. How? Turn the handwheel and the 
Hainsworth pulley and V-belt move to the 
right speed position automatically. Faster — 
slower —every few minutes if needed. 
Bottling, spinning, woodworking, packaging 
—give your production a tonic, and get 

the right speed for your need with . 
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“HAINSWORTH’ 


VARIABLE SPEED DRIVES 

















THE 
CONTROLLER 


will carry any 


THE PULLEY 











THE V-BELT 








S55 








7 sizes available 
for drives standard electric 
up to 10 H.-P. motor 





Send for Catalogue 100/19 


Fenner 





vise | J+ Hs FENNER & CO LTD, HULL 


BELFAST. BIRMINGHAM. BRADFORD. BRISTOL. BURNLEY. CARDIFF. GLASGOW 


Stocks carried in HULL. LEEDS. LEICESTER. LIVERPOOL. LONDON. LUTON. MANCHESTER 


MIDDLESBROUGH. NEWCASTLE. NOTTINGHAM. SHEFFIELD. STOKE 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 
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DID YOU 
KNOW 


that the sole remaining species 
of wild horse (Prejvalsky'’s Horse) 
is to be found in Russia, in the 
Kobdo district of western 
Mongolia, and although it is only 
four feet high it is too large and 
too wild to be shoved into tiny 
power tools? 





AND DID YOU KNOW 


that because Prejvalsky’s Horse is too large and too wild to be 
shoved into tiny power tools Desoutter Little Horses (which 
are tiny and tame and can be shoved into tiny power tools) 

are imported by Russia in large quantities? 

No, | didn't know, said the M.D. No-one ever tells me anything! 
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DESOUTTER export over half their tools 


Desoutter Bros. Limited, The Hyde, Hendon, London, N.W.9. Tel: Colindale 6346 


cncyza6 
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A.B. Scania-Vabis,Sodertalje Sweden are known bearings* and current enginechassisandsuspension 


the world over as makers of one of the finest of all applications include clutch, brake, and king pin 


commercial vehicle chassis. They were amongst assemblies. Approximately half a million bushes 


the first engine builders to fit Glacier ‘dry’ and thrust washers have been supplied to Scania- 


imshaft bearing 9 Anchor bolt bearing. Tw« 
er DU bushes i Glacier DU bushes in 
brake shoe (used in front and rear > pedal (used o1 
brakes on all models). Chromium 


plated anchor bolt. 


Chromium plated 
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bearings in the Scania-Vabis 








Vabis during the past year as standard equipment 
on their three models. A Designer's Handbook on 
DU is available free on request which gives data on 
Write 


properties. dimensions and tolerances. A 


+) 


elf levelling devi 


shaft 


4 
DU 


bushes in clutch cover (used on 
, 


Clutch operating 


bearing Glacier Glacier DU 


ill models) (used onseveral models 
washer of hardened st 


ing pin end 
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King pin thri 
washer 


e in lower covert 


GLACIER 


THE GLACIER METAL COMPANY LTD., 


LPERTON, WEMBLEY, MIDDLESEX 

* Glacier ‘dry’ bearings 
operate at relatively high 
loads and speeds without 
any lubrication. DU is 
made exclusively by 
Glacier. It consists of a 
tin-plated steel backing 
to which a thin layer of 
porous bronze impregnated 


with a mixture of lead 


ist washer 
ona 
Matchi and Fluon is bonded. 


eel pre 


ng 


Photographs reproduced by kind 


permission of A.B. Scania-Vabhi 
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SPIRAL BEVEL GEAR GENERATORS, NORMAL & HYPOID 


For the highest precision 
at mass production rates 


Please ask for demonstration of this 
machine in actual production, or on your 
own blanks on our demonstration unit at 
our Nottingham demonstration rooms. 


VAUGHAN 


ASSOCIATES LIMITED 


STs 
PS» | 
i r 
INTERNATIONAL 


June 28-duly 6 
Olympte Lendes 





STAND Neo 64 
GRAND Walt 


Simple and quick calculations and rapid setting. Operation 
by single lever. Crown wheels or pinions finished in one 
loading giving maximum production per capital expenditure 
with smallest floor space. Max. pitch dia: 21.26". Max. D.P.: 
24”. Max. length of cone: 10.33”. Number of teeth cut: 5-100. 


4 QUEEN ST., CURZON ST., LONDON, W.I 
Telephone: GROSVENOR 8362-5 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 
Telephone: NOTTINGHAM 88008 
NRP 9048 
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No. 1200. Three dozen Assorted 

Light Expansion Springs, suit- 

able for carburettor control, 
136. 


‘ 
/ 7 * 
77 Va \ 
7 Vt SS 
“ltay 
“Ny a] Sa 
VV 7,, irs 
Waray Dy 


radi 


No. 98A. Three dozen Assorted 
1” to 4” long, }$” to }” diam 
19G to 15G. §/6. 


Sf darr® 


en > 
PPT TT LAL 
wy \iie 7 


No. 753. Three dozen Assorted 
Light Expansion 4” to 4° diam 
2° to 6” long, 22 to 18 S.W.G 





No. 760. Three dozen Assorted 
Light Compression Springs. 1” 
to 4” long, 22 to 18 S.W.G., 
t’ to 4° diam. 6 6. 





No. 757. Extra Light 
pression, 1 gross Assorted, 4 
to *&” diam., 4” to 24” long, 
27 to 19 S.W.G. 18’. 


Com- 





Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking 





” 


Really interested in Springs? 
“Spring Design and Calcula- 
tions’ 9th Edition tells all 
post free 12 6 





Cut Production Costs with 
Terry’s Wire CIRCLIPS. We 
can supply immediately from 
stock—from %” to §" 








No.758. Fine ExpansionSprings 
1 gross Assorted 4” to i” diam., 
4” to 2” long, 27 to 20 S.W.G 


Looking for good Hose Clips? 
Send for a sample of Terry's 
Security Worm Drive Hose 
Clip and price list 
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No. 1217 


Assorted Springs. A complete 


One gross 


Garage Service Kit. 42/- each 


We know exactly how difficult 
it is to find springs for 
experimental work . . . we've 
been making quality springs for 
over 100 years. So, we confidently 
offer you our excellent range of 
small boxed assortments which 
covers a very wide range. 

We can only show a few boxes. 
Send us a p.c. for our full list. 

If ever you are stuck with a 
spring problem let our Research 
Department put their long 
experience at your disposal. 


HERBERT TERRY 
& SONS LTD 
Redditch, Worcs. 


( Makers of Quality Springs, Wireforms 
and Presswork for over 100 years) 


























Jilustration by courtesy of 


Coventry Climax Engines Ltd. 





contributes to the success of the Coventry Climax G.P. engine—-winner of the Ferodo Trophy 


The illustration shows one of the crankshaft Balance Weights installed 
in this modern engine. 

Made from G.E.C. Heavy Alloy with a density 0.6 Ib. per cu. in. 

G.E.C. Heavy Alloy supplied in the following densities: 

0.6, 0.61, 0.63, 0.65 Ib. per cu. in, is ideally suited for weight concentration 
in restricted areas. 

For example: Mass and dynamic balancing, Gyroscopes, Flywheels 


An example of one of the Heavy Alloy 
Fiywheels for the Maxaret Automatic 
Brake Control Unit 


For comprehensive information 
on the use of G.E.C. Heavy Alloy, 
send for publication No. 4986, 1960 Photograph hy courtesy of The Dunlop Aviation Division 


THE GENERAL ELECTRIC CO. LTD., Osram Lamp Division, Component Sales Department, East Lane, Wembley, Middlesex 
Telephone : ARNold 4321 
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CONVOLUTED 
Ttehy 


< 


AIR JET 
PLUG GAUGES 


Ue Yu ACCURACY 
RELIABILITY 
LONG LIFE 


and Solex air operated gauges require only one master setting ring — 
another reason why this system is world renowned. 


~ INTERNATIONAL 
ss < MACHINE TOOL 


A -< 


»> EXHIBITION 1960 
Olympia -London June 25-July 8 
E- > 4 Solex (Gauges) Limited, 72 Chiswick High Road, W.4. CHIswick 4815 


HAVE THE MEASURE OF THINGS 
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interchanges able, on the same 


mounting, with the standard 


Marles manual gear unit 


THE 
TYPE 3 
‘UNIVERSAL’ 
UNIT 





~ 


=C 


Illustrated above is the Type 3 ‘ Universal’ 


wy F 


5 






steering gear which incorporates the 
hydraulic control valves mounted upon 
our type ‘861’ manual gear. This is for 
use with a separate power pump and with 
power cylinders operating on the steering 
linkage. Further particulars will be sent 
on request. 
ADAMANT ENGINEERING CO. LTD., 


THE AERODROME, WOODLEY, Near READING. 
Sole proprietors of the Marles Steering Company Lid. 


Telephone: Sonning 2351 Telegrams: Adamant, Reading 


MARLES 





your 


casting 
problems 
with us 


Having had so many unusual 
casting Jobs ‘parked” on us 
before, it was no surprise when 
we were asked to produc of 

this parking meter casing and 
mechanism. ‘The casing is an 
aluminium gravity die casting 
whilst the mechanisms are 
produced by pressure die 
casting. We also supply sand 


castings and precision plastet 





mouldings, so whatever your 
aluminium casting problem 
consult us first. You'll find 
our modern methods produce 
not only quality castings in 
quantity, but they also keep 
produc tion Costs to an 


absolute minimum 


West Yorkshire 
oundries Ltd 


London Office 
R LANE PP 
gt hes HANOVER HOUSE 
HANOVER SQ., W.1 
Phone: LEEDS 29466 Prone: WAY Cnet 


CAST WELL AND TRUE 
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THIS 18 the tool FOR 


INCREASED PRODUCTIVITY 


<< 


a 


/! % ey i 


~ & ¢ 


* 


% 


4, 


impact wrench 


SIZE 24 


Basically designed as a Nut Setting Tool, this Impact 


Wrench may be effectively used with the available 
Extra strong in design and 


attachments for screwdriving, tapping, drilling, 


construction this tool incorpo- 


rates longer normal working life : ' F ; . 
grinding, wire-brushing or sanding. 


with minimum maintenance 


R29 


WRITE FOR LEAFLET 1.W.202 


BALANCERS ROTARY AIR DRILLS 


A SL LN 
ROTARY SANDERS ~- RIGHT ANGLE NUT SETTERS 


RIGHT ANGLE DRILLS , MULTIPLE SPINDLE UNITS 


ARMSTRONG WHITWORTH & CO (Pneumatic Tools) LTD 


Main Sales Office: 34 VICTORIA STREET WESTMINSTER LONDON SW1 


Cable Address: ARMWHITOOL SOWEST LONDON Phone: ABBey 3817 


Works: TYNEMOUTH ENGLAND Phone: NORTH SHIELDS 3if1 Grams: ARMWHITOOL TYNEMOUTH 
1603 
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60 amp. Input Junction Box 
moulded by A.Ed. Plastics 
(Aldridge) Lid. for Siemens 
Edison Swan. The four mould- 
ed components are shown in 
the inset drawings 


BEETLE. 


% 


tp 


electrically... 



























































Beetle Polyester D.M.C., the new fast-curing 
moulding compound, is especially suitable 
for moulding electrical components. It has 
excellent anti-track and electrical insulation 
properties, high mechanical strength; dimen- 
sional stability above normal for thermo- 
Setting materials: good heat resistance. 
A.E.I. Plastics (Aldridge) Ltd. use Beetle 
D.M.C. for moulding several types of electri- 
cal distribution gear, using conventional 
compression and transfer presses. Write for 
technical leaflets. 


dough moulding compound 


B.1.P. CHEMICALS LIMITED: OLDBURY: BIRMINGHAM: Phone: Broadwell 2061 GHP) 


London Office: Haymarket House, 28 Haymarket, S.W.1 - Phone: Trafalgar 3121 


34 
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IN EVERY 
INGOT - 


. cast from the furnaces of the Osborn 
group of Companies, cumulative experi- 
ence from generations of craftsmanship is 
combined with modern research and 
technology to produce steel! of superlative 
quality. A wide range of high-speed and 
other special tool steels is manufactured 
and many other products including steel 
castings, forgings and engineers’ cutting 
tools are produced within the same 


organisation. 


STEELMAKERS 
STEELFOUNDERS 
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This A.E.C. Reliance Coach of North Western Road Car Company Ltd 
fitted with Capasco brake linings is seen on a test run at sustained 
speeds of over 60 m.p.h. on the M1 Motorway. 

The following is an extract from the A.E.C. Gazette: ‘Moulded linings— 
which have been fitted as standard to the ‘Reliance’ for the last 12 
months or so-provide a much greater resistance to brake fade, and itis 


Capt suggested that iad vehicles regularly operating on motorways should 





be so equipped.’ 


CAPA’ LA takes care of the braking 


THE CAPE ASBESTOS COMPANY LIMITED 
114 & 116 Park Street, London, W1. Telephone: Grosvenor 6022 
j TA 3567 
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for machining either ... 


... forged dies used in the manufacture of aircraft and automobile components 


... one, two or three components from rough forged billets at one setting 


KELLER AUTOMATIC 
TRACER-CONTROLLED 
MILLING MACHINES 


Powerful machines fitted with automatic 
electric controls. 


Cutting action obtained by moving 
the machine elements, the work 
being held stationary. 


The size and weight of work does not 
cause deflection and, therefore, has 
no effect on cutting accuracy. 


No fixed distance between work 
table and spindle, thereby allow- 
ing a wide range of work thick- 
nesses to be accommodated. 


Three types available in a range of sizes 


TYPE B.L. 
30” x 20” ONE OR THREE SPINDLES 


TYPE B.G.21 
5’ x 24’, 6’ x 4 & 8’ 4" ONE OR TWO SPINDLES 


TYPE B.G.22 


10’ x 5’, 12’ x 6’ & 14x 7’ ONE OR THREE 
7] le ? zing Division of High Duty 
INDLES { Keller BG-22 Machine installed in the Forging L 
“ Allovs Limited, Redditch. This set-up shows the machining of a die for 
producing part of an aeroplane undercarriage component. The die blocks 
used for the forging of this component are of alloy steel and weigh 43 tons 


Sole Agents i— unmachined. 


ALFRED 
HERBER Z L£TD.,COVENTRY factored Division, Red Lane Works. al} 


AD 353 





Automobile Engineer, May 1960 37 





THE INTERNATIONAL TWIST DRILL CO. LTD. INTAL WORKS, WATERY STREET, SHEFFIELD 3 
Telephone : “Fluted, Sheffield” 


38 





The twist dell poor ecblncé 


London Office and Stock 
6/9 Red Lion Market, Whitecross Street, London, E.C.1. Tel: MONarch 8771-2 


Birmingham Office and Stock 


81 Headingley Road, Handsworth, Birmingham Tel: NORthern 8211 
Manchester Office and Stock 
177 Dickenson Road, Manchester, 13 Tel: RUSholme 7313-4 


Scottish Agent and Stockist 
John Warden, 50 Wellington Street, Glasgow, C.2. 
Tel: City 6994 (2 lines) Grams: Precise, Glasgow 


23072 (3 lines) 











/ 
. 


Grams: 
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tor rapid production of 


multi-end components an the 
HERBERT N°2 FLASHCAP LATHE 


This lathe was specially designed for the high production of non-ferrous 


threaded components requiring frequent spindle reversals. It can now be 


fitted with the Herbert Pneumatic-hydraulic Indexing Quaara Chuck, 


indexed without stopping the spindle, thus providing a simple 
lathe which considerably reduces machining times in the production of 


multiple-end components, such as elbows, tees and crosses 


The Quadra Chuck accommodates work 
which can be indexed in a radius of 24”; 


diameter gripped is 14”. 


HERBERT fx 
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13 M.G. Magqnette was fitted with 
aH irdy Spicer prope ler shaft. Its brilliant 
performance soon est thlished it as one of 


tritain’s best-selling, best-looking 


Serving M.G. 


THROUGH THE YEARS 








The 1960 M.G. Magnette (Mark 3) sports saloon 
marks a decisive advance in design and performance 
on previous models. But the Hardy Spicer propeller 
shafts and universal joints remain constant features 
in the transmission. The M.G. Company like 

other leading car manufacturers, know that the 
experience of Hardy Spicer, with their consistently 
advaucing methods of research and development, 
will always meet the demands imposed by increasing oars a 
strain on transmission equipment. 


Birtieild Group 


HARDY SPICER 


PROPELLER SHAFTS 


HARDY SPICER LIMITED 


CHESTER ROAD - ERDINGTON - BIRMINGHAM 24 - Telephone 
Automotive Divison of Birfieid Industries Limited 


Erdington 2191 (18 lines) 
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LEE of SHEFFIELD 


BRIGHT BARS, COLD ROLLED STRIP AND FLATTENED WIRE, HIGH STRAIN STEEL WIRES, “TRUBRITE” STAINLESS STEEL STRIP AND WIRE 








Automobile Engineer, May 1960 





SMALLER 
LIGHTER 


MORE COMPACT 








The ‘DPA’ Fuel Injection Pump is much 

smaller than the comparable in-line pump for 

similar duty, and ts only a fraction of the weight. It may be mounted 
horizontally or vertically as desired. It forms a compact unit 


which fits snugly alongside the engine, with a simple direct drive, and thus 


permits considerable simplification of engine design with corresponding saving 


of cost. The ‘DPA’ pump is suitable for high speed diesels of 


up to approximately 1.5 litres per cylinder. 


The World's Largest Manufacturers of 


FUEL INJECTION EQUIPMENT 
C.A.V. LIMITED, ACTON, LONDON, W..3. 


AP962 


Automobile Engineer, May 1960 








j 
HH, 


4 tie 
ay 


+. 
i 
LH 


and finishing tools for gears? 


Seek no more! In the heart of the David Brown 
organisation there is a division specialising 1n 
making Hobs, Shaper Cutters, Rack Cutters and Shaving Cutters—the lot. 
Since David Brown have been making fine quality gears and the 
tools for cutting them for one hundred years, it follows that there 
is a wealth of experience to draw on. So, if you have a gear 
cutting or finishing problem get in touch with David Brown. 


You will find their area engineers very willing to help you. 


DAVID BROWN 


An alliance of engineering specialists in gearing, machine tools, 


ls, castings, automobiles, and agricultural tractors and machinery. 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


TOOL DIVISION PARK WORKS HUDDERSFIELD 
ELEPHONE HUDDERSFIELD isc 
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Change up to 
top gear! 


Drivers are doing it everyday— 
manufacturers are doing it all the time! 

The top gear today, of course, 

being made by David Brown—just as it has 
been for over fifty years. And 

there’s a good reason for this universal 
approval of a famous name—for David Brown 
make the biggest selection of gears 

and gearboxes in the country. Every one is 
fully proved and unsurpassed in its 

class for accuracy, quiet running and dogged 
dependability. 

David Brown make a full range of 

auxiliary drives too—for timing, magneto, 
oil pump, speedometer and starter, 

and these are as widely used as their main 
transmissions. It adds up to this—for 
commercial vehicle gears of any kind, 

more and more manufacturers are 

going straight into top with David Brown. 
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THE DAVID BROWN CORPORATION (SALES) LIMITED 


AUTOMOBILE GEAR AND GEARBOX DIVISIONS, 


PARK WORKS, HUDDERSFIELD PEL: HUDDERSFIELD 3500 
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DELCO Electric Motors 





DELCO 
Electric Screen Wipers 






DELCO-REMY 


Electric Horns 





AC Thermostats 


DELCO-REMY - 


Oil-Filled Coils i 





DELCO-REMY 
Switche 





/ 


AC-DELCO DIVISION OF GENGRAL MOTORS LIMITED Dunstable fe Telephone: Dunstable 1166 
or: Brogigate House Coventry Telephone: Coventry 40491 
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WITHSTANDS HIGH PRESSURE 





i 


SHOCK 
RESISTING 





SELF-LUBRICATING BEARINGS AND POWDER METAL PARTS 


THE MANGANESE BRONZE & BRASS CO LTD Elton Park Works Hadleigh Rd Ipswich © Grams: Oilite Ipswich « Tel. Ipswich 5592 


Automobile Engineer, May 1960 














SHOTTON BLACKHEART MALLEABLE CASTINGS and PEARLITIC MALLEABLE CASTINGS 





to assembly line... 


With new production methods and the most modern 
foundry techniques, Shotton Blackheart Malleable 
Castings have found many new applications in the 
automotive industry. On design problems and all 
technical and production matters our consultation, 
backed by 64 years’ experience, is readily 


available to you. 


SHOTTON BROS. LIMITED 


MANCHESTER STREET FOUNDRY 
OLOBURY « BIRMINGHAM - PHONE: BROADWELL 1631 


(and new foundry at Halesowen) 





Nember of the Birfieia Group 
This company participates in the research, technical and productive resources of 


the Birfield Group, which includes Hardy Spicer Ltd., Laycock Engineering Ltd., 


Kent Alloys Ltd., Forgings and Presswork Ltd., and many other famous firms 
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UNIT TYPE MACHINES 
fully engineered 


for high-output production ' 


Asquith Units from 4} h.p. upwards can be 
arranged as individual, multi-way, rotary 
transfer and in-line transfer machines for fast, 
automatic production. If you require large 
quantity output of components at present 
produced on several machines, it will be 
worth investigating the possibility of 
machining them on an Asquith Unit Type 
Machine. Write today for details of the 
Asquith range of Unit Equipment or ask for 
a specialist to discuss your problem. 


The illustrations show, top left, an Asquith 
Vertical Unit Machine to tap holes in a 
cylinder block joint face. Bottom right, an 
Asquith 14 station In-Line Transfer Machine 
for operations on Austin Seven Cylinder blocks. 


WILLIAM ASQUITH LTD. 


HALIFAX - ENGLAND 


Member of the Asquith Machine Too! C 


Individual Head Machines 
Multi-Way Machines 

Rotary Table Transfer and 
In-Line Transfer Machines 


Sales and Service for the British Isles 


DRUMMOND-ASQUITH LIMITED 


Member of the Asquith Machine Too! Corporation 





KING EDWARD HOUSE, NEW ST., BIRMINGHAM Phone: Midland 3431. Also ot LONDON Phone : Trafalgar 7224 & GLASGOW Phone : Central 0922 
Al84 
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as clean 
f i. 








Brake shoe for small vehicle 
in Malleable Iron. 


Bearing bracket in 


Malleable Iron. Weight 34/bs. 





LOLCLSTER 
2} 

THE HOME OF I 
aed 


OOD CASTIN 


Gloucester Foundry Ltd., Emlyn Works, Gloucester 


A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd.) 


50 








as a Gloucester Casting 


| \ 





“As clean as a Gloucester Casting” means that Gloucester 
malleable iron castings are of high definition, 

true to pattern, cleaner and smoother because of better 

sand practice and better fettling. 

Mould and core sands and their bonding additives are under 
constant laboratory supervision, even the very sand 

grains are sized and numbered, and consistency and distribution 
of sand are strictly controlled by a continuous 

mechanical unit. The high refractory characteristics 

prevent sand “‘burn-on” at re-entrant angles, thus greatly 
increasing the life of cutting tools during the machining process. 
The new elevator-type electric furnace anneals in 48 hours - 
—instead of the usual 7 days. It also allows greater 

control of the component during annealing, resulting 

in uniformity of metal, greater strength, and resistance to impact. 


A typical Gloucester Malleable specification. 





Gloucester Lamellar 





Gloucester 
Blackheart Malleable Pearlitic Malleable 
Elongation 18% Elongation 5% 
Yield Point 12 tons Yield Point 24 tons 


Tensile Strength 2§ tons psi Tensile Strength 35 tons psi 


GLOUCESTER 


Telegrams: ‘Pulleys’ Gloucester 














Telephone: Gloucester 23041 
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Sunbeam Alpine made by 
Rootes Group Ltd.,Coventry, 
showing wrap-round, rear 
window made from ‘ Perspex 
acrylic sheet, by P.D.1. Limi- 
ted, Birmingham. 





More and more ‘Perspex’ is being 
used in modern cars 


N modern cars great use is being made of 
| oe acrylic sheet—are you making 
full use of this truly outstanding material ? 
‘Perspex’ offers excellent clarity in clear form 
as well as an extremely high degree of light 
transmission in tinted form. It is light in 
weight and can be formed to smooth, 
modern, streamlined shapes. Another great 


advantage ‘Perspex’ offers is toughness. It 
; : P ; 3 litre Rover made by The Rover Co. Ltd., Solihull, showing sun 
has long been established that Perspex stands visors made from coloured ‘Perspex’ acrylic sheet by E. F. Tanner & Co. 
up to weather conditions throughout the world. Ltd., Rhayader. On each of the four doors are side louvres made 
from clear ‘Perspex 
Finally, ‘Perspex’ is a handsome, longlasting i = 
material, a material modern car owners are 


glad to have in their cars. 


“-PERSPEX? 
| q > 4 4 
‘Perspex’ is the registered trade mark for the acrylic Ihe Pexidome Co. Ltd., London, design and fit this hard top, made 


sheet manufactured by 1.C.1. from ‘ Perspex’ acrylic sheet, to Austin Healey cars. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON .- S.W.1 
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. § 
GUT YOUR COSTE 1 HALF 
With the tool rolaling 


ae UP TO SIX TOOLING STATIONS (Ez ((A4 yd 
* A COMPLETE RANGE OF MODELS 


TO MEET ALL PRODUCTION NEEDS 


ENQUIRE NOW As to just where and how the ‘Endomatic’ 


can cut your production costs = 


ye COMPLETE ENGINEERING SERVICE AVAILABLE ON YOUR OWN PROBLEMS eee 


MADE BY: GIDDINGS & LEWIS-FRASER LTD., ARBROATH, SCOTLAND. TEL: ARBROATH 2033. GRAMS: GALFRA 
SOLE AGENTS FOR UK SYDNEY G. JONES LTD., 8 BALHAM HILL, LONDON S.W12. TEL: BATTERSEA 3246 





FRASER 
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DISTRIBUTORS OF MATERIAL IN BULK 
IN GT. BRITAIN 


j. A. NORDBERG LTD 


171 QUEEN VICTORIA ST 
LONDON, E.C.4 
Tel: Central 9678 


FOREIGN & COLONIAL ENQUIRIES TO 


H. JACKSON LTD 


OAKENCLOUGH, GARSTANG 
Nr. PRESTON, LANCS 


Tel: Garstang 3308 








SS 


1.C.1. Sales Development Dept. 





Transport Insulation with 


Polyurethane rigid foams 


made from I.C.I. ISOCYANATES AND POLYESTERS 
Ask for details of Daltolacs 21, 22 & 24 ® and Suprasec D ® 


Polyurethane foams provide excelent thermal insulation 
in all transport vehicles. They combine high thermal 
resistance with lightness, strength and low inflammability. 
Polyurethane foam components can be mixed on the site and 
poured or sprayed into position. The foams withstand vibration 
and adhere so firmly to adjacent surfaces that 


they actually strengthen the structure in which they are employed. 


e Patented in the main industrial countries 


Y#n+ 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
LONDON SW1 ENGLAND 


Polyisocyanates), 


Ship Canal House, King Street, Manchester, 2. 


x65 
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it is the continued research of Midcy/ that 
helps smooth the way of the Auto Engineer 
with such of his problems as are associated 
with Cylinder Blocks, Cylinder Heads, Camshafts 
and Brake Drums 


THE MIDLAND MOTOR CYLINDER CO. LTD., SMETHWICK, STAFFS 





Miagnetos... 


Rococo or Classical? Picturesque or functional? Romantic and full of incident or 
r leaning against a cottage fence we yield to the 


ust plain hard 


working? For a carnival procession or even for | ling 
charm of the Emett design. The fact that it is several times as large as the engine that propels it 
at a tranquil four miles an hour is of minor importance. But for a commercial vehicle, a tank, or an 
aircraft engine, most people prefer the Simms design. We even think it has certain functional good 


is designed entirely for hard work. The one in the photograph has 


looks. But these are incidental—it 
a rough life ahead of it in an army tank. 


SIMMS MOTOR UNITS LTD., LONDON N.2 
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PERFORMANCE 


BRICO make the pistons 
for the Coventry Climax 


2: litre engine—champion 


Grand Prix engine of 1959. 


PRODUCTION 


BRICO make all the pistons 
for the famous “A” series 
engines for B.M.C. vehicles— 
the biggest piston job 


in the country. 


POPULARITY 


BRICO make the pistons 
for the following worlid- 


famous firms: AUSTIN - 
BRISTOL-SIDDELEY - COVENTRY 


CLIMAX - HUMBER - JAGUAR 
MORRIS - ROVER - STANDARD 


THE BRITISH PISTON RING CO. LTD., 
COVENTRY, ENGLAND 
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Standard ‘Gaco’ M.I. Seals are 
designed for atmospheric seal- 
ing conditions up to $/10p.s.i 


PRESSURE With aspecial profiled backing 
SEALING washer ‘Gaco’M.1. OilSeals will 







seal pressures up to 100p.s.i. 





We welcome enquiries for prices or 
further details. Do not hesitate to write 
if you have a sealing problem 


LOI SEALS 


GEORGE ANGUS & C° [@ 


OIL SEAL DIVISION 
COAST ROAD, WALLSEND-ON-TYNE 
Wallsend 64551 





Telephone 


Automobile 
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SUPER-PRECISION 
ANGULAR CONTACT 
. BACK-10.B 
These rec bearings were originally developed for use in § 


high-speed machine tools; their use has since spread to 
and other precision y 
(VM) 


instruments, turbines, compressors 
| 


applications. 
There are three precision grades—S, 7 and 9: in grade 5 the 
tolerances for the bore range from 2-ten thousandths of an 














inch* in the small sizes to 3-tenths in the large. The outside 


diameters range from 2-tenths tolerance in the small sizes 
to 5 in the largest, with corresponding accuracy in other 


dimensions. Grades 5 and 7 bearings meet the majority of 
precision applications but grade 9 bearings are also available 


with parallelism 


for hypercritical uses. 
For example, a grade 9 bearing of 30 mm bore has one-tenth 
tolerance in the bore and I4-tenths in the O.D., one-tenth 


and track wobble; 


track eccentricity 

tolerance on faces, and out of square of } a-tenth. 
These bearings are generally used as follows, the standard 
bearings needing no selection for pairing :— 

BACK-TO-BACK MOUNTING, giving greatest rigidity, automatic- 


ally pre-loaded when locked up on shaft. 
TANDEM PAIRING, as often used in high-speed precision grind- 


ing spindles, with one pair spring-loaded axially. 





FACE-TO-FACE PAIRING, giving suitable pre-loading with outer 
races locked up. 

We are always ready to advise on the application of these 
and other FBC bearings, from our long and varied experience 


* tatenth: .001270mm. 1} tenths: .0038/0 mm. 2 tenths: .005080 mm. 
007620 mm. 5 tenths: .012700 mm. 
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FAFNIR BEARING COMPANY LTD. 
(Successors to Fischer Bearings Company Ltd.) 


WOLVERHAMPTON 























Advanced techniques 







and reliable service 


have established for 







Smethwick Drop Forgings 


a fine reputation 








SMETHWICK DROP FORGINGS LTD- SMETHWICK & KIDDERMINSTER 





YOUR DIESELS 
CAN REFUEL 
WITH SHELL DERV 
all over Britain 


‘Shell's nation-wide network of DERV Agencies 
ensures there is always DERV where and when 
your drivers need it, whatever route they travel. 
They can refuel on a pre-arranged credit system, 
or they can pay cash. Ask your local office of 
Shell-Mex and BP Ltd. for full details. 


You can 
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WIN THE BATTLE OF THE BURR BY USING... 








B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY. TELEPHONE 53333 (PBX) 
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14% CHROMIUM ALUMINIUM 
MOLYBDENUM WITRIDING STEEL 


1X3 


14% CHROMIUM ALUMINIUM 
MOLYBDENUM WITRIDING STEEL 
14% CHROMIUM ALUMINIUM 
MOLYBDENUM WITRIDING STEEL 


LN/ 


14% CHROMIUM ALUMINIUM 
MOLYBDENUM NITRIDING STEEL 


g ° 
Ms These steels have been evolved to make the very 


% CHROMIUM MOLYBDENUM best use of the Nitriding process of surface 
VANADIUM WITRIDING STEEL hardening by treatment of parts in an Ammonia 

atmosphere at about 500 C and subsequent cooling 
at room temperature. 


The Firth Brown series consists of some seven 
principal steels covering a range of surface hardnesses 
and core tensile strengths which will be found to 


3°. CHROMIUM MOLYBDENUM suit almost every application. 


NITRIDING STEEL Very clear printed data on this range of steels 


) ] is available upon request. 
| . 
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3% CHROMIUM MOLYBDENUM 
NITRIDING STEEL 
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THOS. FIRTH & JOHN BROWN LIMITED . SHEFFIELO ENGLANO 
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These 
fastenings are 
self-locking 






The small, tough, resilient nylon pellet in a Wedglok 
fastening LOCKS it permanently against shock and 


vibration. Wedglok stays put in any position: seating 
GKN WEDGLOK PRODUCTS 


is unnecessary. The moment driving or wrenching 


ress 2 re ‘es betwe —JO° +9} ; ne =. - 
stress, temperatures between —70O and 50°F, Screws and WEDGLOK Nuts in a 


moisture, solvents, age. It eliminates the need for 
very wide variety of sizes. Other bolts 


lock washers, cotter pins or other auxiliary locking 
and screws can be made to order. 


devices, simplifies design, and cuts assembly time. 


nnnemithiiiniiaicaandaian 


| 
| 
| 
| 
| 
stops, Wedglok laughs at vibration, reversal of | include WEDGLOK Hexagon Socket 
| 
| 
| 
| 
| 
| 





GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., 
Screw Division: Box 24, Heath Street, Birmingham 18. Telephone: Smethwick 1441. Telex 33-239 S/WK/3826 
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OZONE ATTACK 


WITH DU PONT ELASTOMERS Ozone is present in the 


atmosphere, generated from Oxygen in the air by ultraviolet light (from sunlight). When natural rubber is 


stressed, as in car components, ozone attacks, forming a myriad of small cracks in the surface of the rubber. 


DU PONT NEOPRENE has outstanding resistance to ozone cracking. Du Pont neoprene has proved under 
test, and on the job, that it is vastly superior to natural rubber—and to “general purpose” synthetics. Neoprene 
resists oil and grease in the chassis . . . high temperatures under the bonnet. . . oxidization and aging of 
exposed parts and accessories. Properly compounded neoprene products meet most service needs at 
temperatures ranging from —54 C to as high as 121 C. Compounds can be made soft or hard and in sponge form. 
HYPALON* synthetic rubber has even greater heat and ozone resistance and is known for its remarkable colour 
stability, permitting use of bright colours for weather stripping and convertible tops. Hypalon doesn't become 


brittle in cold weather nor will it crack under heat or summer sun. 


*HYPALON !S DU PONT'S REGISTERED TRADEMARK FOR ONE OF ITS ELASTOMERS 
DISTRIBUTORS: DU PONT COMPANY (UNITED KINGDOM) LTD., 76 JERMYN STREET. LONDON, S.W.1 


NEOPRENE-HYPALON* 


STRY 
(21 765 01) 
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quality & precision 


Issued by: POLLARD BALL & ROLLER BEARING CO. LTD 


FERRYBRIDGE - KNOTTINGLEY - YORKSHIRE - Tel: 2323 - Telex: 55166 


See our stand No. J-j-6, Mechanical Handling Exhibition, Earls Court, 
3-13, May 1960. 
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MEADOWFELT 


SERVES INDUSTRY -, 








MI EADOWPF ELT 


DOES SO MANY JOBS SO WELL 
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HILGERS 


Automatic and semi-automatic hydraulic 


COLD TUBE BENDING MACHINES 


BRIEF SPECIFICATIONS 





Ihe complete range of Hilgers Semi-Automatic and 





Automatic Tube Bending Machines ts suitable for both 
rUBE Number 


right and left hand bending. Bending speeds are infinitely coneen CAPACITY od tea 
Outside dia per hr.— 


variable. When the machine is adjusted to lowest working 
Wall thickness up to 


speed the return movement always switches automatically 





to the highest return speed. Lubrication is automatic by HY.38 Semi-Automatic! 14”. 14 S.W.G 400 
a central system. Models HyB.50 and HyB.70 can also 
be supplied as Fully Automatic, incorporating Automatic HyB.50.HS. | Automatic 
lube Positioning and Angular Turning up to 12 different 
feeds in varying planes. Many of these excellent HyB.70.HS. | Automatic 
machines can be seen in operation in the United 


Kingdom. 


HDY.114 Semi-Automatic 





HDY.168 Semi-Automatic 








SOLE AGENTS 


Always Selson’s for Machine Tools 


The Selson Machine Tool Co. 
ene LONDON, N.W.10. STANNINGLEY, Near LEEDS 
elephone Elgar 4000 Telephone Pudsey 2241 


And at Kingsbury (Nr. Tamworth). Manchester. Glasgow. Swansea. Newcastle-on-Tyne 
Sheffield. Southampton. Belfast. Bath 
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This was our 1952 advertising. Factory extensions in 1953, 
1955 and again in 1958 show how YOU have proved this claim. 


Eight years later we can make it again because... 





BRANCHES AT. BELFAST, BIRMINGHAM, BRADFORD, BRISTOL, BURNLE 


HULL, LEED 


NEWCASTLE -OP 


LEICESTER, 
NOTTINGHAM, SHEFFIELD 


N 


TYNE 


VERPOOL, LONDON, LUTON, MIDDLESBR 


STOKE-ON-TRENT 


Y. CARDIFF, GL 


GH. MANCH 


Fenner 


J. H. FENNER & CO. LTD - MARFLEET ~ HULL 


sOW 
ESTER 


Separate V-Belts have a resiliency far superior to any 
form of flat belting. 

The wedge action of the V-Belts in the grooves actually 
improves with length of service. 

Neither tension nor alignment have to be maintained 
precisely to get good working results 

If a V-Belt should break, the remainder will keep the 
drive working until replacement is convenient. 

ALL your drives using the same belt size are covered 
for spares by a stock of no more than are used for 
one drive. 

Remember that all V-Belts give long loyal service, but 
more Fenner belts reach pension age than any others. 


Catalogue 100 19 lists thousands of recommended standard drives. Send for it today. 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 


Ai:omohil 
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SUPER TANK 


for a Super Fueller 


This highly-advanced 10,000 gallon semi-trailer 
tanker is specifically designed for rapid, efficient 
refuelling of aircraft. In fabricating its all-welded 
fuel storage tank, James Booth ‘MGs’ aluminium 
alloy sheet and plate were employed throughout. 
The light weight, ease of welding, excellent 
corrosion-resistance, and strength of ‘MGS5’ were 


Bo ne ee — 


all factors in its choice. Deadweight has been 
kept to a minimum and the welded tank structure 
can easily withstand the heavy loads imposed, 
stresses remaining well within the fatigue range 
of the material. 

Our Technical Sales Section will gladly advise on the 
use of ‘MGs’ or any other Booth light alloys. 


toP The ‘Yorkshire’ Super Fueller, designed and 
built by Saunders-Roe (Anglesey) Limited, for BP 
Trading Ltd. is suitable for carrying aviation 
gasolene or kerosene fuels. Argon shielded arc 
process was employed in welding the ‘MGs’ tank 
structure. It is divided into three compartments, 
and its overall measurements are 37 ft long, 
8 ft 94 in deep, and 7 ft 10} in wide. 





cert The Super Fueller is powered by a 165 b.h.p. 
diesel engine which is also used to pump the aviation 
fuel at flow rates of over 2 tons per minute. Pumping 
and metering equipment are housed in the com- 
partment behind the vehicle’s cab. 


JAMES BOOTH ALUMINIUM LIMITED 
KITTS GREEN - BIRMINGHAM 33 
Tel: STEchford 4020 


Extrusions, large forgings, plate, sheet, strip and tubes in light alloys 
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HOLROYD 


first for 


worm gears 
and gearboxes 


JOHN HOLR 
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If there 
were a Holroyd 
motto, itwould be ‘do 
itourselves’. Almost 100 
years’ experience in 
machine tool and gear 
production has enabled us 
f to build up a sound technique 
y for the production of worm 
my gears. Nearly all the operations 
of manufacture and inspection — 
not only of worm gears but of 
gear cases too—are carried out by 
methods of our own devising. (We 
say ‘nearly’ all because if we do 
come across a new machine or 
process we think might help us, we 
certainly don’t hesitate to snap it 
up!) Another thing: we don’t believe 
in making things in dribs and drabs, 
so there’s always a fine stock of stan- 
dard worm gears and gear units in the 
factory, which helps us to keep prices 
low and delivery quick. But worm 
gears and worm gear boxes aren’t the 
only things we make. We also do a 
lively business in spur, helical, and 
bevel gears; special machine tools; 
helical rotors for compressors, meters, 
and pumps; rotor manufacturing 
equipment; rotor timing gears; and 
Holfos centrifugal castings and 
bushes. Holfos Phosphor Bronze, by 
the way, is a material of our own 
development and we use it, centri- 
fugally cast, for all our gear wheels. 
It will take any amount of wear 
and has a very low coefficient of 
friction. These are undoubtedly 
the reasons why a Holroyd 
worm gear set up the World 
Record (on the Daimler- 
Lanchester Worm Gear 
Dynamometer) at the 
National Physical 
Laboratory in 1931. 
That impressive 
record is sull 
unbeaten! 








. LIMITED - MILNROW - LANCASHIRE 
CRC B2 
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A vital contribution to the 
efficiency and reliability 
of cars and trucks 





supplied by 


7H IRTH-DERINO\- 


SHEFFIELD & DARLEY DALE 


High Quality Drop Forgings 
for the Automobile and Aircraft Industries 
THE FIRTH-DERIHON STAMPINGS LIMITED, SHEFFIELD. 
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Call in CMF 
cooling specialists 
since motoring 
began 












































What's different 
about this 


car? 


The great majority of the cars on British 
roads incorporate Silentbloc components 
This one doesn't... 

Almost every British motor car manu- 
facturer uses Silentbloc flexible bearings 
and anti-vibration mountings. Experience 


proves the wisdom of their choice. 


Come to us at the drawing-board stage! 


SILENTBLOC 


FLEXIBLE BEARINGS 
ANTI-VIBRATION MOUNTINGS 







MANOR ROYAL CRAWLEY SUSSEX 






Telephone: Crawley 2100 Telegrams: Silentbloc Crawley 







Andre Rubber Co. Ltd. is another Silenthloc Company Silenthi products are also manufactured by Silenthlo« 4ustralia Pity. Lid Melbourne 
Broadway SO2 
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Tested at 2,500 p.s.i. 


The illustration shows a valve body for use in hydraulic control equip- 
ment. The complex nature of this vaive body involves a great deal of 
machining ; at the same time high mechanical strength is an important 
factor, since the valves are used at a high working pressure and are 
tested at 2,500 p.s.i. 

These considerations led to the choice of castings in ‘Lepaz 35’, a 
pearlitic malleable which combines excellent machinability with an 
ultimate stress of 33 38 tons sq. inch and an elongation of 6-8%. 

LEY’S MALLEABLE CASTINGS CO. LTD.. DERBY. TELEPHONE: DERBY 45671. 


STRENGTH & RIGIDITY _, . 




















for the connecting 

of pipe-lines for 
use with fluids, gases, 
compressed air and 
hydraulic circuits 


The indisputable advantages of the brass 
solderless fitting as a means of connecting copper 
pipe lines, over the older, unsatisfactory method of 
employing iron pipes and screwed fittings with all 
the troubles of rusting and leaky joints, are well 
recognised and, although first cost of material is 
higher, the additional expense is more than saved by 
the easy and convenient fitting and the economy in 
labour charges, apart from obtaining 100 per cent. 
leak-proof joints with Enots Solderless Fittings. 


Write NOW for Catalogues S.F. 158 


SOLDERLESS 


FLTTINGS 


See our exhibits on Stand No. 429 at the Machine Too! Exhibition, June 25th - July 8th. 
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As the theory of motor vehicle engine suspension 
developed, the need for better engine mountings became 
apparent. In contrast to earlier types which were no more 
than grommets, modern designs are capable of providing 
large deflections, different stiffnesses in various directions, 
together with integral buffering. Mountings with these 
properties have been made possible by improvements in 
rubber compounding and the rubber-to-metal weld 
technique which permits rubber to be used in the most 





effective (and most economical) manner. Simplicity of 











design is characteristic of the bonded rubber component. 

















In the design of mountings, as well as that of suspension 





systems, Metalastik have played the leading role and the 
examples illustrate how Metalastik engineers have harnessed 
the natural advantages of rubber to provide characteristics 
essential to successful engine suspensions. 


Compared with a concentric bush, the Metalastik 
Metaxentric bush in Fig. |, gives a much higher deflec- 
tion and has the same advantages of economy and simplicity 


of fitting. 


The rubber-to-metal weld technique permits shear loading 
of the mounting in Fig. 2 to give a large vertical deflection. 
In the horizontal plane it is stiffer in one direction than 
the other. Pre-compression of the rubber increases life 








and load capacity. 














The shear-compression mounting in Fig. 3 is another 
Metalastik design. It has the same properties as two sandwich 
mountings arranged in V formation and is normally fitted 





to give control of movement in the high stiffness direction 
when the rubber is largely in compression. Large vertical 
deflections with good load capacity are provided. 

















The famous Metalastik Metacone is shown in Fig. 4. 
Based on the shear-compression principle this mounting 
gives excellent insulation for the heavier oil engine. Slots 


give two different spring rates in the horizontal plane and 
the mounting is fitted so that it is stiffer in a fore-and-aft 
direction. Buffering is provided when the bottom washer 


comes in contact with the rubber flange. 


Diagrams reproduced by courtesy of the Institution of 
Mechanical Engineers from the paper “The Suspension of 
Internal Combustion Engines in Vehicles”, by 

M. Horovitz, B.Sc., (Eng.), A.M.I.Mech.E. 


METALASTIK LTD., LEICESTER 




















CALIPERS 


in high duty iron 
for disc brakes 


Darcast foundries are currently producing 
quantities of discs and calipers 

in high duty cast iron for use 

on disc brake assemblies. 

The excellent results obtained, 

coupled with the economies gained, 

have fully justified the use of 
Darcast high duty irons 
on these most important 
components. 




















Iilustrations by courtesy of 
Messrs. Girling Limited and 
Lockheed Hydraulic Brake 
Co. Limited. 


DARTMOUTH AUTO CASTINGS LTD 


SMETHWICK 40 STAFFS 


SPECIALISTS IN HIGH DUTY IRON CASTINGS 
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Which dog ? 


For centuries the dog has been 
man's best friend - and over the 
centuries different breeds of dog 
have developed exactly the 
right characteristics for the job 


they have to do. 


In a much shorter space of 
time the many varicties of 
four basic types of rolling 
Wines have bye en deve loped 

to be exactly right 

for thie job the \ have to do. 
And because ; Pr is the 


British manutacturer 
=e , - ~) 
making all four you can be N 


4 

iE 
n \7 SY] 
AY) 7 
, 4 \) 

sure of obtaining exactly the % 


7 
~~! JUBILEE io 
hy ° . i 


right ‘breed’ - every time! ’ 


10 see 


Zs 
-  SKEFKO 


THE SKEFKO BALL BEARING COMPANY LIMITED - LUTON - BEDS 


THE ONLY BRITISH MANUFACTURER 
OF ALL FOUR BASIC BEARING TYPES: 
—BALL, CYLINDRICAL ROLLER, 
TAPER ROLLER AND SPHERICAL ROLLER 
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Is Atmospheric Pollution Serious? 


R ECENT action by the State Legislature of California 
could have far reaching effects on motor vehicle design 
This authority has recently adopted a Bill that, within the 
next two or three years, will make compulsory the fitting 
of anti-pollution equipment to exhaust systems. The 
significance of this news is not only that the legislation will 
affect cars for export to that State but also that it sets a 
precedent that may be followed by other governing bodies. 

The first question that arises is whether this legislation 
is necessary; but a governing body responsible for the 
welfare of 15,000,000 people is hardly likely to adopt such 
a Bill without having first made a careful assessment of 
all the relevant scientific evidence—and there is plenty 
available. Another question that must be answered is 
whether conditions in that State are peculiar or whether 
they apply equally in other areas: admittedly, the 
geographical situation of Los Angeles and its climatic 
conditions are such that polluted atmosphere tends to 
stagnate there, with a result that conditions are often very 
bad, but there are many other cities in the world where 
fog, polluted to the extent of being injurious to health, is 
frequently experienced. A survey has shown that, in Los 
Angeles, one-third of the total contamination by organic 
material comes from automobile exhaust, which therefore 
is a significant factor. 

The products of complete combustion are, of course, 
virtually harmless; but where combustion is incomplete, 
the exhaust also contains carbon monoxide, various hydro- 
carbons and aldehydes. Of these, carbon monoxide occurs 
in the largest quantities, and its toxic nature is well known. 
The complex hydrocarbons and the aldehydes can give 
rise to respiratory troubles and may be a contributory cause 
of lung cancer. 

Contrary to public opinion, the diesel engine is generally 
a less serious offender in respect of pollution than is the 
petrol engine, of which there are also far more in use. It 
has been found that, if the exhaust of engines with their 
fuel supply systems in correct adjustment are compared, 
that of the diesel engine contains lower proportions of both 
carbon monoxide and hydrocarbons. The harmful effects 
of tampering with or lack of servicing of injection equip- 
ment are familiar, but the petrol engine is at least as 
sensitive to maladjustment; moreover, the power units of 
most cars generally are not so well maintained as those of 
commercial vehicles. 

Since satisfactory maintenance cannot be guaranteed by 
legislation, it is up to the designer to consider what positive 
steps he can take to ensure reduced pollution. There are 
two: one is curative and the other is preventive; but so 
far, both can be made only partially effective. The curative 
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method is to oxidize the polluting constituents after they 
have left the engine: for this purpose either a catalytic 
converter or a simple burner is installed in the exhaust 
system. 

Catalytic converters have been proved to be capable of 
removing up to 90 per cent of the carbon monoxide, up to 
60 per cent of the hydrocarbons, and an appreciable 
proportion of soot, but in some instances the aldehyde 
content of the exhaust gases is not markedly affected. 

This type of unit has the disadvantage that the catalyst 
requires periodic renewal or regeneration —a converter 
tested by the D.S.I.R. showed some loss of efficiency after 
11,000 miles of operation in a vehicle. Also, since the 
catalyst does not become effective until its temperature 
exceeds a certain figure, the device is ineffective under 
cold-start conditions. 

One type of burner, comprising a post-combustion 
chamber and a heat exchanger, that has been studied in 
America is apparently reasonably efficient. It is more 
compact than most catalytic units, and its performance 
does not deteriorate in use; however, the temperature of 
the exhaust system is higher. 

To prevent the emission of harmful chemicals from the 
engine itself,and incidentally to improve thermal efficiency, 
combustion must be made to approach even more closely 
than hitherto the ideal of the complete burning of all 
consutuents. There are several lines of development that 
could give worthwhile results. One is the improvement 
of induction manifolding to give more uniform distribu- 
tion: this would permit higher overall air:fuel ratios to 
be used. Attention, too, might also be directed towards 
the residual exhaust gas, which is a significant factor 
contributing to incomplete combustion. 

Combustion chamber design might be further examined 
from the point of view of completeness of the burning of 
the charge, and even more attention than hitherto should 
be devoted to studying the effects of turbulence. Although 
there may be scope for improvement without any major 
departure from current practice, the possibility of evolving 
alternative systems of combustion designed expressly to 
give more complete burning should not be overlooked. 

Under over-run conditions of operation, the air: fuel 
ratio of a petrol engine becomes too high for normal 
combustion, so considerable quantities of unburnt and 
partly burnt constituents of the fuel are ejected into the 
exhaust. It follows that the employment of a device, 
possibly one that is vacuum controlled, to cut off the fuel 
supply when the throttle is closed with the clutch in engage- 
ment and the vehicle in motion would certainly be beneficial 
in this respect, and it would also reduce fuel consumption. 
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Fig. 1. Sectional view of the DKM type of N.S.U- 
Wonkel engine, which has inner and outer rotors 
revolving at different speeds in the same direction. 
The ingoing charge passes through the output 
shaft, and the sparking plugs revolve with the 













inner rotor, in which they are mounted. Owing 









to the technical problems posed by this layout, 
little development work was done on it 



























8.0 -Wankel Engine 


Some Original Thoughts on a Rotary-Expansion Power Unit Worthy of Serious Consideration 


RK. F. 


A FASCINATING and comprehensive picture of the 
new N.S.U-Wankel engine has gradually emerged since the 
first news of it leaked out in November last. It is already 
abundantly clear that we are not confronted by yet another 
pipe dream or even wishful thinking, but are indeed 
witnessing one of the historic events in the long development 
of the internal-combustion engine. The supremacy of the 
reciprocating engine has already been challenged in some 
fields by the combustion turbine and now the N.S.U- 
Wankel engine presents a further challenge. 

It is generally acknowledged that the basis and principles 
of the gas turbine were known long before modern materials 
and engineering skill made it a practicable type of unit. 
Similarly, the N.S.U-Wankel engine is not based upon 
startling new thermodynamic principles or theory: the 
novelty of this unit lies exclusively im the brilliance of its 
general conception and detail design of the components 
In this engine there are none of the familiar reciprocating 
components—they have been replaced by rotating members 
—and the four thermodynamic cycles, induction, compres- 
sion, expansion and exhaust, all take place during only one 
complete revolution of the rotor. The four cycles do not 
require a full turn of exactly 360 deg, because there is a 
certain amount of overlap between the exhaust and 
induction phases, similar to those that occur on two-stroke 
engines. 

As in more advanced two-stroke engines, the gas flow 
in the N.S.U-Wankel unit may be described as _ uniflow. 
This system is conducive to high volumetric efficiency since 
the gases leaving and entering the cylinder do not have to 
perform tortuous turns and loops, and there are no nooks 
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or crevices in which inert gas may remain. Moreover, 
centrifugal forces assist exhaust and may even help induc- 
tion if axial inlet ports are used. Since there are no valves, 
only inlet and exhaust ports, the engine must be considered 
susceptible to induction pressure waves and can, therefore, 
be tuned in the manner of some two-stroke units. 

The new engine represents an achievement that is enurely 
attributable to a rational and systematic approach to engin- 
eering research, and is all the more significant because it 
was achieved by an eminently practical man. It was only 
after having completed a systematic statistical investigation 
that Felix Wankel evolved his new rotary engine. In fact, 
his success where so many have failed in the long search 
for an internal combusuon engine without reciprocating 
piston and valve gear assemblies—the limiting factors with 
regard to power output and speed of conventional engines— 
can be said te be due to an exceptional ability to separate 
the wheat trom the chaff. 

lo be precise, N.S.U. have produced two different types 
of engine: in the first, Fig. 1, the rotor and cylinder rotate 
in the same direction at different speeds, but this resulted 
in not only a costly but also a complicated design presenting 
its own peculiar problems. For instance, the incoming 
charge passed through the output shaft, moreover, a spark- 
ing plug had to be fitted to each rotor flank, and this 
necessitated slip-ring connections and made cleaning or 
servicing of the plugs a major operation. It is, of course, 
possible that the induction through the output shaft might 
have solved the cooling problem of the rotor, but on balance 
this engine must be considered a complex piece of 
machinery. It is called a Drehkolbenmaschine or DKM. 
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Much simpler and seemingly more reliable is the kinematic 
inversion of this engine, the credit tor which must go to 
Dr. W. Froede of N.S.U. In this, only the rotor and 
eccentric output shaft rotate at the appropriate different 
speeds; the induction and exhaust passages are in the 
stationary cylinder or its end covers. Similarly, the single 
sparking plug is fitted to the cylinder, where it is accessible, 
and no slip-rings are required for the ignition. This engine 
is called the Kreiskolbenmaschine, or KKM, and is shown 
in Fig. 2. 

Recalling the rotary compressors used in some German 
aeroplanes during the last war, it would appear most difh 
cult to translate and describe adequately in simple terms 
the difference between the DKM and KKM engines 
Perhaps the most logical definition is that both engines are 
rotary-expansion engines, but the DKM has two rotors and 
the KKM only a single rotor. Since the thermodynamic 
phases—induction, compression, expansion and exhaust 
occur in successive angular positions, there is perhaps a 
remote analogy with the gas turbine, where the thermo 
dynamic phases are in different axial or radial positions 
in the reciprocating piston engine, of course, the phases 
occur in one place and are separated by time only 


Basic geometric considerations 
The unfamiliar epitrochoidal cylinder seems to have 
captured the imagination of journalists and technical writers 
alike, and this is perhaps responsible for a certain amount 
of scepticism among some engineers. Although accurate 
descriptions of the bore shape have appeared elsewhere, 
details essential for an effective engineering appraisal have 
generally been glossed over. The term epitrochoid itself is, 
of course, not widely understood, and few dictionaries offer 
a satisfactory practical explanation. However, just a brief 
examination of the geometric configurations of which the 
epitrochoid is a particular example will assist in arriving at 
a more accurate appreciation and even enable the relevant 





undertaken, if necessary. 
approach, it 
which 1s 


mathematical calculations to be 
In imitation of Felix Wankel’s 
may be as well to begin with the cycloid, Fig. 3, 
the locus traced by a point P on the circumference of a 
circle while it is rolling along a straight line. If this circle 
rolls around the outside of another—the base circle—the 
figure traced by the point P is an epicycloid, but if it rolls 
the inside of the base circle, in the manner of a 
planetary pinion, it is a hypocycloid, Fig. 4. However, if 
point P lies neither on the circumference nor at the centre 
of the rolling circle, the figure traced will be a prolate or 
curtate cycloid respectively, Fig. 5, depending on whether 
the rolling circle rolls round the outside or the inside of the 
Ihe latter two curves are also known respec- 


systematic 


1round 


base circle 
tively as eputrochoid and hypotrochoid curves. 

The ratio of base circle diameter: rolling diameter of the 
N.S.U-Wankel engine must be exactly 2:1, and the tracing 
point P lies on the rolling circle radius. Variations of the 
locus of P are shown in Fig. 6. Obviously, the waist of the 
epitrochoid becomes less pronounced as P approaches the 
centre of the rolling circle because, in the limiting condition, 
when P coincides with the rolling circle centre, a perfect 
circle will be traced 

It is interesting to note that Felix Wankel’s epitrochoid 
was obtained empirically. Prof. Othmar Baier of the Tech- 
nical College, Stuttgart, proved the shape to be an epi- 
trochoid and thus facilitated the mathematical analysis and 
investigations, which proved of the utmost value in evolving 
a rational method for machining the bore 

Today Felix Wankel and N.S.U. no longer plot their 
epitrochoids in the laborious manner described above 
instead, they obtain their outline drawings with the aid of 
an ingeniously conceived draughting machine, as shown in 
Fig. 7. Am annulus gear A meshes with a spur gear B; 
the diameter ratio B:A—2:3 and the _ centre-to-centre 
distance between the two meshing gears is e, while the 
tracing point P is attached to A by an arm of radius R. If 
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the two gears rotate, P will trace an epitrochoid on the 
platform rigidly connected to gear B. If, however, the 
tracing point is attached to B and the platform to A, the 
resultant tracing is a hypotrochoid. 

Before going any more deeply into details of the art of 
generating epitrochoids or of the functional intricacies of 
the engine, it seems advisable to clarify the terminology and 
thus to minimize the risk of confusion. With regard to the 
generated epitrochoid, it is evident that there is a major 
and a minor axis of symmetry and if the epitrochoid is 
plotted as in Fig. 5 instead of generated by the machine, 
these intersect at the centre of the base circle. Since the 
two axes of symmetry intersect at right angles, they are 
convenient reference lines. 

While the same figure obtained with the generating 
machine gives the eccentricity e and the radius of generation 
R, the length of the major axis—bounded by the epitrochoid 
—is 2(R+e) and the length of the minor axis is 2(R « 
In other words, the proportions of R and e determine the 
shape of the epitrochoid: if, for example, the ratio of 
R:e- 11-5, the epitrochoid will be almost a circle, Fig. 5; 
and as the ratio R:e diminishes, the characteristic waist of 


y ; Figs. 3, above, and 4 
show how the cycloid, 
—- epicycloid and hypo- 
cycloid are produced 
Each is the locus of 
a point on a roliing 
circle: in the case of 
a cycloid, the circle 
rolls on a_ straight 
line; for the others 
it rolls round the out- 


| i side and the inside 
respectively of the 
figure’s base circle 


the epitrochoid form becomes more and more pronounced 

The ratio R: e determines the maximum angle of obliquity 
® between the generating radius R—extended if necessary— 
and the normal to the epitrochoidal curve. This angle is 
also the angle at which the apex seals make contact with 
the epitrochoidal bore. If the outer envelope forms the 
bore and the inner one the rotor, the contact between the 
two would always be the same apex lines, which might, 
therefore, be subject to rapid heating due to friction, and 
wear could be excessive. The apex seals are the remedy, 
and Fig. 8 shows the angle of obliquity relative to the true 
epitrochoid and the actual bore. Although the sealing 
principles and problems are discussed later, it may be 
opportune to point out that new apex seals are beautifully 
radiused, Fig. 8: they quickly wear, or bed down to a yet 
indeterminate shape and remain thus for considerable 
periods—up to 700 engine hours have so far been recorded 

The maximum theoretical compression ratio that can be 
realized with any particular configuration is also determined 
by the ratio R:e, or the angle of obliquity ¢. Except for 
considerations in respect of compression ratio, there is no 
reason why the rotor should conform to the shape of the 
inner envelope of the epitrochoid; in fact, an equilateral 
triangle would satisfy equally well the requirements of the 
rotor. 

As already indicated, the angle through which the apex 
seals swing relative to the normal to the epitrochoid is 
related to the compression ratio, and Fig. 9 shows some 
interesting curves, in particular those angles which are 
applicable to petrol engines and those specially suitable for 
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Fig. 6. A family of 

basic epitrochoids, in v 

which the shapes are 

varied by altering the | 2 
ratio of generating | 

radius eccentricity 


diesel engines. The assessment is theoretical, as no prac- 
tical work has been done on the development of the N.S.U 
Wankel engine operating on the diesel cycle. 

Fig. 10 shows how the curved flanks of the rotor are 
recessed to avoid throttling the gas flow, at T.D.C., across 
the waisted part of the casing; this recessing also forms a 
combustion chamber that promotes burning yet has good 
anti-knock characteristics. The recess and the minimum 
volume between rotor and bore together comprise the 
combustion chamber volume. Numerous recess shapes 
have already been tried, but the differences in performance 
are not so pronounced as to enable far reaching basic con- 
clusions to be drawn. 


Apex seals 

The curved flanks of the rotor do not need to touch the 
bore either on the minor axis or elsewhere: only the apex 
seals must always be in contact with the bore. Thus the 
actual shape of the rotor flanks can be chosen to suit produc- 
tion requirements, provided they enable the prescribed 
compression ratio to be realized. The apex seals, under the 
influence of centrifugal force, remain in contact with the 
bore, since the rotor not only performs a planetary move- 
ment round the output shaft centre, but also turns about its 
own centre. This twofold rotation is responsible for the 
continuously varying speed of the apex seals: on one of the 
tested the seal velocity 


engines currently being ranges 
between 1,752 ft/min, in the minor axis position, to 
7 Fig. 5. If the point 
P lies on the radius 
_ of the rolling circle, 
—— a a a trochoid is evolved 
me a2. In this instance, it 
’ is an epitrochoid, as 
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Fig. 10: To minimize throttling of 
the gas at the waist of the casing, 
the rotor flanks are recessed, as is 
shown below. Each rotor illustrated 
has a different sealing arrangement 





4,020 ft/min at the major axis. As a result, these seals are 
subjected to alternate radial inward and outward accelera- 
tions, and the forces due to these accelerations must be 
added to or subtracted from the centrifugal forces intended 
to keep them in continuous contact with the bore. Of 
course, this phenomenon is not peculiar to the N.S.U- 
Wankel engine, for it is a characteristic of any vane type 
blower or pump; it is, however, a potential source of trouble. 

In the N.S.U-Wankel engine, this problem is not very 
acute, because the mass of the apex seals is very small, the 
sealing strips being only 1-46 mm (0-063 in) wide: on vane 
type pumps and blowers the seals are generally far more 
substantial. Nevertheless, Dr. Froede showed a cylinder 
bore which had the characteristic ripple or chatter marks 
just beyond T.D.C., in the direction of rotation. The 
traditional remedy for this tvpe of trouble, which resembles 
the familiar piston ring flutter, is nitriding or chromium 
plating of the bore, and the provision of suitable expander 
springs in the slots behind the seals, to assist the centrifugal 
forces to maintain contact between the apex seals and the 
epitrochoidal cylinder bore. Indeed, it was the taking of 
these steps which ensured satisfactory functional engine 
performance. 

From the sealing point of view, another potential source 
of trouble may be the abrupt change in contact area as the 
apex seals pass over the inlet and exhaust ports and over 
the ignition aperture, in particular at the ends where the 
seals might meet resistance due to their sudden contact 
with the port edge. Fortunately, that danger has been 
anticipated and minimized by putting a good radius on these 
edges. During this development stage and subsequent 
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“e Fig. 8, left: Diagrammatic view of the epi- 


jin x trochoid and the rotor with its apex seal 


This seal has a radiused tip to enable it to 

follow the actual bore, which is parallel to 

the true epitrochoid. The angle of obli- 
quity, between seal and bore, is 


F Fig. 9, extreme left: Graph showing the 
relationship between angle of obliquity, 
displacement and compression ratio. €,, is 
the compression ratio curve if the rotor 
has no cut-out; €g and €p are comparable 
curves for rotors having cut-outs suitable 
respectively for Otto and diesel cycles 


Fig. 11, below: Stationary guide-vanes 
extract the cooling oil from the rotor 
The oil enters through the output shoft 





endurance tests, cylinders made from different materials 
with variously finished bores were tried—they included light 
alloy ones with chromium plated bores. Ferrous cylinders 
have, however, proved the most promising so far: alumina 
faced apex seals have not been found to be necessary and, 
therefore, have not been tested. 

In comparison with the naturally balanced two-rotor 
engine—the DKM _ unit, now discontinued because of its 
complexity—the much simpler, single-rotor engine is 
inherently out of balance: although the rotor is perfectly 
balanced about its own centre, this centre is at the centre 
of eccentricity of the output shaft. The forces due to this 
rather large out-of-balance mass can be fully balanced by 
compensating masses attached to the output shaft, on each 
side of the rotor, but those due to the cooling oil pulsating 
through the rotor present another problem unless the 
cooling passages within the rotor are always absolutely full 
of oil. Obviously, the oil ought to be under pressure, to 
eliminate the danger of aeration. 

Of all the bearings, it is that of the rotor which operates 
under the most critical conditions: primarily it must be 
capable of dealing with the fluctuating combustion impulses 
and pressures, together with the centrifugal forces caused 
by the mass of the rotor and the cooling oil within it. The 
resultant bearing loads are not such as to preclude con- 
sideration of plain bearings, which have already been tried; 
however, multi-row caged roller bearings are currently 
favoured and will be used until more background knowledge 
about characteristic engine behaviour and performance has 
been accumulated. 

The planetary movement of the rotor, in an orbit about 
the output shaft centre, complicates the cooling problem. 
In fact, it has been found that several b.h.p. were absorbed 
by the purely parasitic churning of the oil within the rotor. 
Considerable engineering effort had to be devoted to 
minimizing these power losses and improving rotor cooling. 
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Now the coolant enters the rotor, through the hollow output 
shaft, and it is extracted by stationary guide vanes, Fig. 11 
—in shape and arrangement, reminiscent of impeller vanes 
—which give the oil centripetal velocity towards its return 
passage. The stationary guide vanes are surrounded by a 
sheet-metal face sealing ring, not unlike one of those well- 
known Nylos rings. It is interesting to note that this seal 
is now fitted rather loosely into the rotor, because previously 
it had a tendency to distort under the influence of heat and 
thus failed to function as an eftective seal 


Face or axial seals 

It has already been said that the N.S.U-Wankel rotary 
expansion engine has been the inventor’s aim or dream 
during many years of diligent research and development 
work on special sealing devices. In 1954, a short time before 
the engine took shape, Dr. W. Froede published a paper in 
ATZ, in which he reviewed the remarkable progress made 
with the development of rotary valve engines and, mor 
specifically, he reviewed the state of the art of gas sealing 
At that time it was rumoured that N.S.U. had the serious 
intention of producing rotary valve motor-cycle engines, 
using the special Wankel sealing elements. Nor was this 
the first time that Felix Wankel was on the brink of a far 
reaching success: according to Dr. Froede’s paper, rotary 
valves and their seals had been developed to such a degree 
of perfection during the war that the highest authorities 
were seriously considering whether all German aero-engines 
should adopt rotary valves in place of the then prevailing 
poppet valves. This would not only have simplified the 
engines but also their frontal been con 
siderably reduced. Possibly the impending advent of the 
gas turbine forestalled this development 

Although it may be intriguing to speculate about these 
events, it is far more to the point to look at the gas sealing 
elements developed for these rotary valves, which are illus- 
trated in Dr. Freede’s article and which show a remarkable 
resemblance to those of the N.S.U-Wankel retary-expansion 
engine. Sealing arrangements like these may have far wider 
applications, particularly where the prevailing high tempera- 
ture precludes the use of rubber and plastics seals. 

In Fig. 12, it is shown how the leakage path through a 
plain split-ring type seal can be practically blocked by a 


urea would have 


simple insert. Then, Fig. 13 illustrates a complete sealing 
grid for rectangular ports in a flat or cylindrical surface 
Note particularly the link-blocks at the corners: these blocks 
are intended to seal the leakage paths 

Ihe next illustration, Fig. 14, represents another type of 
complete seal, consisting of one solid ring and one split 
ring with inclined mating end faces. Gas pressure forces 
the rings upward and, because the mating faces are inclined 
to the end faces, there will be opposing reactions which 
force the two rings sideways against the recess wails, thus 
a good seal. The small peg prevents relative 
rotation of the two rings 

A very simple yet sophisticated sealing element for 
near-rectangular openings is shown in Fig. 15. This consists 
of two identical piston ring segments, which are sprung 
into the seal recess, as illustrated. Gas pressure, acting on 
each free end face, forces the other end to abut snugly 
wainst the other ring. With this arrangement, the necessity 
is avoided of inordinately close manufacturing tolerances 
Gas pressure and light corrugated springs, or gas pressure 
alone, are relied upon to press the complete seal arrangement 


providing 


igainst the face 

The apex seals of the N.S.U-Wankel engine have already 
been discussed. However, they present problems that are 
distinctly different from and perhaps more formidable than 
those of the axial or face seals, which have evidently been 
derived directly from the sealing elements just described. 
These face seals, with their light supporting springs of 
copper-beryllium, can be seen in the exploded view of the 
components, 16. Three arc-shape sealing strips in 
each face are joined at the corners by link-blocks. These 
blocks are slotted to accommodate the apex seals, and are 
thus prevented from rotating, which might cause jamming 
of the strip seals. However, the primary duty of these 
link-blocks is to provide completely gas tight seals on each 
rotor face. For ease of manufacture, the sealing strips and 
the slots housing them are, of course, circular segments 
Nevertheless, they run close to the curved flanks of the rotor. 

Rotors with different face seals are shown in Fig. 10. The 
plate type seal might easily distort under the temperature 
conditions in the engine, and it is inherently far more 
expensive to produce. For the strip type seals, various 
materials have been tested, such as bronze, light alloy, steel 


Fig 


FOUR SEALING ELEMENTS ORIGINALLY - © aoe 7 < An 
DESIGNED BY WANKEL FOR USE IN 2 [ / a i al X 
ROTARY VALVE ENGINES 4 iL 4 + . ee ——— } 
iy Fee L 8 i tr 
Fig. 12, right: Where a split ring A is ne ; f 
employed, a simple insert B at the gap 1h, it 
C can almost block the leakage path | A 8 | 
i} 4k 
—™. aaa ™ (uy) xu \ 
ee oe , all 4 ‘ » Miia eee eee eee ed eed, we j 


Fig. 13, extreme right: A sealing grid for 
a rectangular opening. It incorporates a 
sealing strips A, and link-blocks B, the 
purpose of which is to seal the corners 


Fig. 15, right: An interesting layout, in 
which two piston ring segments B and C are ¥ 
used. Gas pressure, on the exposed end of 
each, forces them together at A and D 


Fig. 14, extreme right: This seal consists of \ 
a solid ring A and a split ring C, with AN 
inclined abutting faces. The gas pressure \ 
causes the rings to move sideways, thus 
filling the groove. Relative rotation of 
the rings is prevented by a dowel pin B 
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and several grades of cast iron, ranging from the spheroidal 
graphite type to the high-duty grade normally used for 
conventional piston rings. So far, the most satisfactory 
results have been obtained when the latter seals rub against 
ground-finish molybdenum end faces, this metal having 
been sprayed on the light alloy end covers. The rotors are 
now made of spheroidal graphite cast iron, light alloy and 
fabricated sheet steel rotors having been found wanting in 
some respect 

From the beginning it has been very difficult to decide 
whether the N.S.U-Wankel rotary-expansion engine should 
be considered as a single-cylinder engine, as claimed by 
N.S.U., or a three-cylinder unit. It may, therefore, be 
pertinent to attempt to clarify the position. The late 
Professor Joad would undoubtedly have proclaimed, “It all 
depends on what is meant by the number of cylinders”: 
indeed it does because, based simply on a count of the 
number of cylinders or pistons, the N.S.U-Wankel engine 
is without doubt a single-cylinder engine. Another 
approach might be to consider a three-node cylinder with 
a four-sided rotor, which has one extra phase. This phase 
may be used either to supercharge the engine or make it 
into a double-expansion unit, in the manner of a compound 
steam engine; clearly this would remove all basis of com- 
parison unless it were still considered as equivalent to a 
single-cylinder unit. 

Since in the N.S.U-Wankel engine there is one rotor and 
one induction, compression, expansion and exhaust phase 
per revolution of output shaft, it may safely be concluded 
that it is a single-cylinder unit. The capacity of the engine 
is, of course, the volume contained between adjacent apex 
seals, the cylinder bore and the rotor flank when a straight 
line through the points of contact between these seals and 
the bore is parallel to the minor axis. In this way, it is 
possible to continue the unfortunate practice of expressing 
power output relative to the swept volume rather than in 


Fig. 21, right: An interesting comparison of the port opening areas 
of an N.S.U-Wankel engine and of a 250 cm* racing motor-cycle unit 


Fig. 17, below: Special grinding machine used by N.S.U. to generate 
templates of epitrochoidal form. On the rotating table A is mounted 
the template B; C is the eccentric shaft and D is the grinding wheel 











Fig. 18, above: For the production of the actual bore in the casing, a 
copy-grinding machine is employed. In this view, the machine is set 
up with a sectioned template and casing. The grinding wheel moves up 
and down during machining, to avoid any longitudinal irregularities 








respect of the amount of fuel consumed. If the latter basis 
for comparison were more widely adopted, it would be 
possible to make more valid and equitable comparisons ol 
orthodox piston engines, all types of rotary-expansion 
engines and even gas turbines. Moreover, those who prefer 
to compare power outputs in relation to swept volume could 
still do so. 

In addition to identifying the geometric form of the bore, 
Professor Othmar Baier suggested the technique of 
machining this bore with a special form-generating machine. 
However, it was found expedient to generate only master 
templates, and to use a copy-grinder for machining the bore 
itself, In Fig. 17 a template is being generated, and Fig. 18 
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Comparative 
agrams of 
an N.S.U-Wankel 
KKM engine, dotted 
lines, and a_ piston 
engine of four-stroke 
motor-cycle type; 
both are of 125 cm 
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Fig. 19: For the accurate checking of the epitrochoid bore, N.S.U. have 


developed this fixture. Any errors are revealed on the dial indicator 


illustrates the copy-grinding machine with a _ sectioned 
template and casing in position. The whole grinding head 
moves slowly up and down while the bore is being ground; 
this method ensures that there are no longitudinal] irregu- 
larities of the profile, which might otherwise be caused by 
imperfections developing in the wheel during grinding 

It is always a problem to decide upon manufacturing 
tolerances and limits when dealing with non-circular shafts 
or components of irregular shape. This being so, N.S.U 
have found it necessary to develop a simple measuring 
fixture, Fig. 19. It is a checking device, the construction of 
which is based upon the principle used in the machine 
designed to draw epitrochoids. Although no actual figures 
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complete with 
ng plug, and the position of the ports 
sealing the casing ends can also be seen 


Fig. 20: A 
coolant space 
The grooves for the O-rings 


part-sectioned casing 
shielded spark 


have so far been released, it is most unlikely that the required 
profile tolerances are an embarrassment, nor should they 
raise production costs to unacceptable levels. In practice, 
it will be found that deviations from the perfectly generated 
epitrochoid will be of greatest importance close to the minor 
axis, where they could contribute to a most undesirable 
flutter of the apex seal; furthermore, it is important that any 
deviations are not in the form of sudden steps or chatter 
marks because these could obviously affect performance far 
more seriously 

In the earlier development models, the major castings 
were of iron and they had two O-rings in grooves each side 
of the main central portion: one of these grooves closely 
hugs the periphery of the bore while the other, a simple 
circular groove, is close to the outer circumference of the 
casing, as is shown in Fig. 20. By this means, coolant is 
prevented from escaping or seeping into the working 
chamber. It may seem surprising that O-rings can stand 
up to the prevailing temperature conditions, especially over 
the expansion and exhaust phase, but some of the later 
engines, with light alloy castings, have only one O-ring, the 
inner being effected by means of liquid jointing 
compound. It would appear that only the casing bore and 
the O-ring grooves present any manufacturing problems. 

The two end covers are spigoted to the mid-portion of 
the casing, and only one fitted bolt or dowel is necessary 
to ensure correct alignment of the bores housing the 
eccentric bearings. An interesting feature, already men- 
tioned, is that the light alloy end covers are sprayed with 
molybdenum on the faces against which the rotor and/or 
the face seals rub; only the area contained by the epi- 
trochoidal bore is faced and ground. 

Since the rotor is a casting, the major part of the 
machining is on its outer surfaces. Apart from this there 
are, of course, those operations for machining the sealing 
strip grooves and the bore that houses the annulus gear and 
the outer race for the multi-row roller bearing. The 
eccentric output shaft and the balance weights do not 
present any unfamiliar production difficulties. This shaft is 
clearly much simpler than a crankshaft for even a single- 
cylinder engine, and is considerably stiffer. 

Before examining power output, torque and fuel con- 
sumption curves, it may be helpful to obtain a basis of 
comparison by looking at Fig. 21. In this illustration, the 
port opening areas of a single-rotor 125 cm® rotary-expan- 
sion engine are compared with those of a twin-cylinder 
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Fig. 24. Curves of the 
b.h.p., specific fuel 
consumption and volu- 
metric efficiency of a 
KKM 250 cm* engine 
The consumption 
curve of this unit 
is commendably flat 


Fig. 25. Interesting 
curves of torque and 
fuel consumption of 
the KKM 250 cm® unit 
operated at 5,500 
r.p.m., with varied 
amounts of excess air 


250 cm? racing engine with which the motor-cycle world 
championship was won in 1954. For specific purposes it 
would be possible to modify these curves—for instance by 
shaping the ports in a manner reminiscent of some sleeve- 
valve aero-engines — but with the N.S.U-Wankel engine 
little has so far been done in this direction, because this 
would have upset the basic research programme. 
Limitations in respect of available instrumentation, and 
the complexity of the two-rotor DKM unit, hindered the 
obtaining of reliable indicator diagrams. However, Dr. 
Huber of the Institute of Internal Combustion Engines, at 
Munich, obtained the comparison between an N.S.U. Super 
Fox four-stroke engine and a single-rotor KKM engine, 
Fig. 22. The difference between the pressure rise and 


174 


Fig. 23. Two hitherto unpublished graphs 
of design comparisons between N.S.U- 
Wankel KKM and piston, or HKM, engines 
of equal capacity. That on the left shows 
that the KKM unit is only inferior, with 
=~ regard to sealing path length, where the 
aoe ee angle of obliquity is low. The other 
indicates the relatively small superiority of 
the piston engine in surface:volume ratio 


expansion curves is strictly marginal; although it was 
expected that the relatively high gas speed over the cooling 
areas might result in heat losses, these have not materialized. 
In the PV diagram, or more precisely the log P log V 
diagram, it is shown that the characteristic thermodynamic 
cycles of both engines differ very little and favour, to some 
extent, the rotary-expansion engine. Whilst this point may 
be remarkable, its real significance is its indication that 
N.S.U. has thoroughly mastered the fundamentals of this 
engine, as is partly illustrated by Fig. 23. 

The performance curves of the KKM 250/5 engine, 
Figs. 24, 25, 26, speak for themselves: the b.m.e.p. of over 
150 Ib/in’ is highly promising for such a revolutionary 
new design. These curves confirm the presence of induction 
impulses, or pressure waves. The fuel consumption figures 
of 0-5-0-6 lb/b.h.p-hr, as read from the commendably flat 
curve, make an interesting comparison with figures obtained 
for other engines. For instance, a fuel consumption between 
0-52-0-56 lb/b.h.p-hr has been obtained with a 498 cm? 
Triumph Speed Twin motor-cycle unit, which develops 
27 b.h.p.; and 0-52-0-61 Ib/b.h.p-hr with a low-compression 
Fiat 600 engine, of 633 cm, developing 22-3 5.4.p. Although 
comparisons may be odious, or even misleading at times, 
it cannot be denied that the cumulative know. 10w behind 
the design and development of these conventional engines 
is infinitely greater than that gained during the short few 
years since the first N.S.U-Wankel rotary-expansion engine 
was conceived. 

First, the basic principles of the design have had to be 
proved, and so it has not yet been possible to devote much 
attention to refinements, such as those that ensure long 
engine life. Nevertheless, several hundred hours of 
endurance test running have already been successfully 
completed, and the results of onc of the later tests are shown 
in Fig. 27. The purpose of this full-load test was primarily 
to determine whether a chromium plated, light alloy casing 
would have acceptable wear characteristics. A KKM 250/5 
engine was used, and it developed a nominal output of 
31 b.h.p. at 5,500 r.p.m., which was maintained throughout 
the test; indeed, it is significant that there was a slight 
increase in b.m.e.p. towards the end of the test, and that 
this was accompanied by a slowly falling specific fuel 
consumption. The wear of the apex seals at the end of 
this run was measured as varying between 0-0024in and 
0-0044 in, the condition of the seals suggesting that a con- 
siderably longer effective life would be obtained. It should 
also be mentioned that the ignition system, which closely 
follows motor-cycle practice, has never caused any diffi- 
culties. However, it has been necessary to use sparking 
plugs of a rather higher heat value than would be fitted to 
an orthodox piston engine of a roughly comparable type. 
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Curtis-Wright, the American aero-engine manufacturers, 
have developed larger engines in collaboration and parallel 
with N.S.U. An engine with a 1-litre chamber displace- 
ment is reported to have run several hundred hours without 
the slightest indication that wear might have a detrirnental 
effect upon performance. Moreover, it may safely be con- 
cluded that the sealing and thermodynamic problems of 
the larger engines are less difficult, so an imposing reduction 
in the specific fuel consumption may be attainable. Curtis- 
Wright are said to have advanced so far that a production 
line is to be put into operation in the near future. Whether 
aircraft, marine or industrial engines will be produced is 
not yet known, and, unfortunately, no test data have been 
released so far. 

Any reservations which may have been held regarding 
the N.S.U-Wankel design are quickly dispelled by a visit 
to N.S.U. and by Dr. Froede’s unhesitant explanations of 
achievements and difficulties encountered. It cannot be 
denied that there is optimism at Neckarsulm; however, the 
case has never been overstated, and both N.S.U. and 
Dr. Froede insist that it would be premature to release this 
engine for production in organizations where there is 
insufficient background and facilities are inadequate for 
contribution towards further development. For instance, 
only the two-node epitrochoid, with the three-sided rotor, 
has so far been explored and, as was mentioned earlier, 
only Otto cycle engines have been developed. Although 
these have proved to be surprisingly insensitive to the 
octane rating of the fuels used, it has not been possible so 
far to venture into work upon the compression-ignition or 
diesel cycle. Theoretical aspects of the diesel cycle are 
demonstrated in Fig. 9. 

A brief study of the possible configurations of epi- 
trochoidal rotary-expansion engines and/or compressors 
shows that there is a wide variety from which to choose; 
some of these even permit housing of the seals in the casing 
or outer rotor. However, there is no doubt that considerable 
research and engineering skill will have to be applied before 
any of these other configurations can achieve results rivalling 
those of the N.S.U. and Curtis-Wright designs 

Indications are that, when time permits, Dr. Froede may 
try the three-node epitrochoid. This will provide one more 
phase, which can be used either to supercharge the engine 
or to provide further expansion and thus a compound 
internal-combustion engine. Multi-cylinder engines—those 
with more than one rotor—might be developed, and such 
an arrangement would do away with the flywheels and 
balance weights used on the present engines. Dr. Froede 
himself expects that the rotary-expansion engine will first 


Fig. 27. A reproduction of a chart showing figures obtained during 

endurance run on the KKM 250 cm* engine. The test was run at 5,500 

r.p.m., at full load. It is noteworthy that both the b.m.e.p. and the 
specific fuel consumption improved in the later stages of the test 
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be used for industrial or marine purposes where power and 
speed variations are limited 

One of the most impressive features of an engine running 
on the test beds at N.S.U. is the almost complete absence of 
vibration, which approaches the standard where a_ three- 
penny piece can be left standing on edge while the engine 
is accelerated from tick-over—about 1,000 r.p.m—to its 
maximum of almost 10,000 r.p.m and back. The noise level, 
particularly of the unit as installed in the two mobile test 
N.S.U. Prinz well within the 
limits orthodox six-cylinder reciprocating 
piston engines. A drive in the test 
impression of smooth power and virtually no engine vibra 
Acceleration from standstill to about 70 m.p.h 
was excellent; gear changes were effected at about 
3,000-3,500 r.p.m. and it was noticeable that engine braking 
as effective as with conventional engines. This, 
is as expected because it is impossible to build a 
an efficient 
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as used on commercial vehicles, come to mind as suitable 
remedies, it is unlikely that more would be needed in 
practice than normally good brakes, perhaps of the disc type. 

Few ambitious engineers could visit N.S.U. and discuss 
the rotary-expansion engine with Dr. Froede without 
wishing for an opportunity to work on this fascinating new 
design. Obviously, it would be foolish to predict that this 





engine will completely replace the reciprocating piston 
engine within a given period. Predictions of this nature 
seldom mature, since each type of engine finds it own 
particular field of application. Nevertheless, the part-load 
consumption curve, Fig. 28, provides some evidence that 
this engine is far more suitable for automotive applications 
than the gas turbine in its present state of development. 


Improved Lubrication 


Votes Regarding Wynn's Friction Proofing, an Interesting Oil, Fuel and Grease 


Additive of U.S.A. Origin 


Mosr of the substances currently added to motor oils 
and greases to improve boundary lubrication act in one of 
two ways. Either they improve the film strength of the 
oil, thereby increasing its resistance to local breakdown under 
load, or they form a low-friction layer of high load-carrying 
capacity on the rubbing surfaces. In the second category, 
the best known examples include colloidal graphite and 
molybdenum disulphide, but the coatings that they provide 
are physically and chemically distinct from the metallic 
bearing materials. 

An interesting alternative approach to the problem has 
been made by the chemists of the Wynn Oil Company, of 
Azusa, California, and is embodied in the range of products 
known under the general term of Friction Proofing. These 
substances have the basic property of reacting with the 
rubbing surfaces to form compounds of low shear strength. 
Since a rise in temperature accelerates the reaction, the 
formation of these compounds is most rapid at the points of 
interference of the microscopic peaks on the surfaces: by 
virtue of the low shear strength imparted, by these chemical 
changes, to the peaks, their relative motion causes plastic 
flow instead of welding and tearing. Also, the compound 
layer is chemically inert, so it protects the surfaces from 
corrosion. Since it also has considerable durability, it per- 
mits a bearing to run dry for an appreciable period without 
damage, in the event of failure occurring in the lubrication 
supply. 

Ready miscibility of the Friction Proofing chemicals with 
the agent is achieved by the use of a carrier fluid, the nature 
of which is varied according to whether that agent is a fuel, 
lubricating oil, grease or cutting oil. Furthermore, other 
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chemicals are added as necessary to furnish a particular 
grade with secondary properties appropriate to its duty. 
For example, an engine lubricant operates at higher 
temperatures than a gearbox or rear axle oil, and is often 
subjected to oxidation attack; on the other hand, the local 
pressures encountered in the transmission are extremely high 
in many instance, so that a greater concentration of the 
actual Friction Proofing constituents is necessary. In con- 
trast, a product intended for upper cylinder lubrication must 
be stable at high temperatures and should diminish rather 
than increase the rate of carbon formation in the combustion 
chamber; also, it should have a detergent effect on lacquers, 
to maintain or restore freedom of the piston rings. Each 
of the numerous Wynn’s products, therefore has its own 
particular purpose and composition. 

One of the more recent additions to the range is Diesel 
Fuel Conditioner. It contains the normal] Friction Proofing 
chemicals, which have their effect on the rubbing surfaces 
of the fuel pump as well as those in the upper cylinder 
regions of the engine. Additionally, its specification 
includes substances to inhibit any polymerization or sludge 
formation in the fuel during storage, and to minimize the 
fouling of fuel lines and injectors. An anti-oxidant is also 
embodied, to give a measure of protection to the fuel storage 
tank. Improved combustion is stated to result from the 
greater cleanliness of the injectors and the limitation of the 
moisture content of the fuel. 

The various claims made by the Wynn Oil Company for 
Friction Proofing appear to be well substantiated by tests 
by vehicle users, fleet operators and, in the case of cutting 
oils, on actual machining operations in factories. In this 
latter use, improvements in both tool life and surface finish 
of the machined component are reported. The reduction 
in friction obtainable on automotive applications, investi- 
gated over about 200,000 miles on a wide variety of privately 
owned vehicles, is said to be sufficient to give an improve- 
meni of over 10 per cent in fuel consumption. Many of the 
tests, it is stated, showed a far greater reduction in oil 
consumption, sometimes as much as 50 per cent, largely 
because of improvement of the sealing capacity of the piston 
rings, which resulted from the gradual removal of lacquer. 

The various Friction Proofing products were introduced 
to Europe several years ago, on a relatively small scale, and 
proved sufficiently successful for the company to decide to 
go into production on this side of the Atlantic. A laboratory 
and factory were therefore built in Belgium, where produc- 
tion has been under way for nearly two years. Several of 
the products for automobile use are available in Britain, 
namely those for engines, transmissions, upper cylinder 
lubrication and diesel fuel conditioning. They are handled 
by Metal Protection Products Ltd., 77A George Street, 
Croydon, Surrey, who are able to supply further information, 
including a number of test reports, and to demonstrate the 
ability of Friction Proofing to fulfil the claims made for it. 
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GLACIER 


The Glacier DU material is manufactured in the three standard forms 
that are shown here, namely, wrapped bushes, thrust washers and strip 


Over five years have now elapsed since The Glacier 
Metal Co. Ltd., of Alperton, Middlesex, introduced their 
first dry bearings embodying polytetrafluoroethylene, more 
commonly known as p.t.f.e. The composite material from 
which these bearings were made was given the designation 
DP, and its structure and characteristics were reviewed in 
the December 1954 issue of Automobile Engineer. Briefly, 
it comprised a steel backing, to which was bonded a matrix 
of porous bronze, impregnated under pressure with p.t.f.e 
This DP material was offered in three forms, namely, 
wrapped bushes, thrust washers and strip. 

The main advantages of the use of p.t.f.e. as a bearing 
material are its low coefficient of both static and sliding 
friction in the unlubricated state, its resistance to wear and 
its immunity to almost all chemical solvents. In its pure 
form, it is attacked only by fluorine gas and by molten sodium 
and potassium. The disadvantages of poor thermal con- 
ductivity, high coefficient of thermal expansion and dimen- 
sional instability were overcome in the DP material by the 
incorporation of the porous bronze matrix, itself a good 
bearing material. 

Although DP bearings proved very satisfactory in a number 
of applications, their PV factor—the product of the bearing 
pressure and the rubbing speed—was not very high. As a 
result, for certain duties, they could not replace existing 
lubricated bearings without using a larger area. It was soon 
clear to the Glacier research and development team that a 
considerable improvement in the PV factor was necessary 
if p.t.f.e. was to fulfil its potential as a general-purpose 
bearing material. 

A programme was therefore initiated to investigate the 
effect of mixing various fillers with the p.t.f.e. Laboratory 
tests of the DP bearings on coated shafts had revealed some 
improvement in the PV characteristic in cases where the 


Photomicrographs of the section through a 
typical DU bearing before, left, and after 
running-in; the magnification, as repro- 
duced, is ~ 50. The initial surface overlay 
of the p.t.f.e-lead mixture is virtually 
removed during the running-in process 
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DRY BEARINGS 


Recent Developments with Materials Based on 


Polytetrafluoroethylene: Numerous Automobile 


Applications Made and Many More Envisaged 


coating was of lead or lead-tin alloy. A test programme on 
p.t.f.e-lead combinations was therefore put in hand, and 
the initial results were promising. Consequently, the 
experimentation with various proportions and methods of 
adding the lead was continued, and eventually a remarkable 
result—a trebled PV factor—was obtained. This improve- 
ment brought the material into the same strength category, 
when run dry, as some types of metallic, lubricated bearings. 

The next stage was to evolve a new range of bearings 
embodying the improved material. Apart from the replace- 
ment of pure p.t.f.e. by the p.t.f.e-lead mixture, these DU 
bearings, as they are designated, have a similar physical 
structure to the DP series. The steel backing strip is tin 
plated to resist corrosion, and the spherical-particle, bronze 
powder is sintered to it. A composition of 89 per cent 
copper and 11 per cent tin is employed for this powder, 
and the matrix has a sponge-like formation, the pores being 
completely filled by the p.t.f.e-lead mixture. The com- 
position by volume of the bearing lining is 70 per cent 
bronze, 25 per cent p.t.f.e. and 5 per cent lead. This layer 
normally has a thickness of 0:010in. On top of it is an 
overlay, nominally 0-O0008in thick, of the _ p.t.f.e-lead 
mixture, which provides the initial bearing surface 

During the bedding-in period of the bearing, which 
normally occupies about 20 hours, some of the overlay is 
transferred to the other rubbing surface. This transferred 
coating is usually about 0-000] in thick, and it fills any 
irregularities of the surface and imparts low-friction qualities 
similar to those of the bearing. A similar thickness of film 
is retained on the bearing, and the excess is shed as fine 
flakes, which are quite harmless, provided that they have a 
means of escape from the bearing itself. 

In compression, the yield strength of the DU material 
is a minimum of 20 tons in*. The coefficient of linear 
expansion of the lining portion only, disregarding the steel 
backing, is 15 « 10 * per deg C, and its thermal conductivity 
is 0-1 cal sec-cm-deg C. Loading of up to 18 tons in’ is 
practicable, but only in conditions of little or no relative 
movement. In more normal bearing applications, to avoid 
fatigue failure, an upper limit of 2 tons in* is recommended. 

Because of the wide range of temperature over which 
p.t.f.e. can be used, DU bearings can operate satisfactorily 
between —192 and +280 deg C. The performance varies 
little over this range, whereas the DP material showed an 
appreciable falling-off in load carrying capacity above 150 
deg C. Although the bearing itself has good resistance to 
atmospheric and chemical attack, it may be necessary, when 
no lubricant is used, to protect the shaft against rusting 
Such rusting is not, of course, caused by the DU material. 
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In general, the life expectation of a DU bearing varies 


with the PV factor and with the type of duty. However, 
it has been found that the practicable PV value tends to 
increase at very high rotational speeds, owing to an air 
bearing effect. Typical factors for minimum lives of 1,000 
and 10,000 hours are given in an accompanying Table. The 
figures quoted for use against mild steel are applicable also 
to Cast iron, austenitic stainless steel and anodized aluminium, 
and to mild steel phosphated or electrolytically coated with 
cadmium, lead or nickel. Although the surface finish is not 
unduly critical, a good finish has, of course, a beneficial 
effect on the life for a given value of PV. Copper and high- 
copper alloys are not compatible with the bearing material. 

At very low speeds, between 1 and 20 ft min, and at loads 


approaching the maximum of 18 tons in*, the coefficient of 


friction is at its lowest: in these circumstances it is between 
0-05 and 0-10. Within the more normal load range of 10 
to 1,500 lb in*, and at speeds between 40 and 1,000 ft min, 
the coefficient is from 0:10 to 0:16. This range is similar 
to that obtained with conventional lubricated bearings, 
assuming, of course, that the film of lubricant is maintained 
The low coefficient at minimal speeds accounts for the 
absence of stick-slip phenomena. Whereas the bearings are 
capable of running dry, the presence of a lubricant—including 
water—usually has a beneficial effect on the coefficient of 
friction, and substantially increases the PV figures quoted. 

A typical wear-time relationship for the DU material is 
shown on an accompanying graph, which reveals that the 
wear rate settles down to a low figure after the running-in 
has taken place. The wear mechanism of a run-in bearing 
differs from that of an orthodox lubricated bearing. During 
normal running, if the surface film of the p.t.f.e-lead mixture 
tecomes locally attenuated on the matrix, and a momentary 
metal-to-metal contact occurs, the heat generated thereby 
causes the mixture to expand and extrude from the matrix. 
This extrusion is immediately smeared over the bearing 
surface, thus terminating the metallic contact. A note- 
worthy feature of this wear mechanism of the bearing is 
that it does not lead to any measurable wear of the journal, 
or other sliding surface. 

Over the past four years, extensive comparative figures, 
on the rates of wear of DU and other dry bearing materials, 
have been obtained with the aid of twelve test rings. A PV 
of 16,000 Ib in® . ft min was chosen and the materials were 
tested against a mild steel shaft having a ground surface 
finish of 16CLA, to B.S.1134 : 1950. To avoid variations 
due to non-uniformity of loading and variation of clearance 
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Three applications of standard DU bushes 
Far left: Control pedals in Aston Martin cars. 
Left: A similar use in the Jaguar pendant 
pedals. Below: Another application by Aston 


Martin, to the gearbox remote control 





with wear, thrust washers of the test materials were used, 

rather than journal bearings. The table of results is re- 

produced, and it can be seen that, although the test of the 

DU washer was by far the longest, its total wear was less 

than } that of any other material. In comparison with the 

DU material, the next best, graphite and lead bronze, has 

a wear rate more than 63 times as great. The rapid wear of 

nylon in these conditions is worthy of note. 

The main advantages of the DU bearing over other plain 
bearings, in suitable applications, can be summarized as 
follows: 

1. Dry assembly. Apart from the increased cleanliness 
that results, there is also a valuable reduction of fire 
hazard in certain circumstances 

2. Lowered coefficient of friction in either the dry or the 
lubricated condition. 

3. Reduced wear. The average wear rate is about half 
that of normal, effectively lubricated bushes, and the 
bearings are more tolerant of dirty conditions 

4. Elimination of stick-slip. With the DU bearings, this 
characteristic is independent of lubrication, whereas 
with grease lubricated bearings there is, of course, an 
increase of stick-slip as the lubricant is squeezed out. 

5. Reduced cost. Although a bush of the same dimensions 
as an orthodox component is more expensive, the higher 
load capacity permits a reduction in length. Also, the 
need for greasing holes and nipples is eliminated. The 
possibility of further saving by design simplification is 
discussed later. 


Bearing types and applications 

As in the case of the earlier, DP material, a large range of 
inch and metric standard bushes is manufactured. All these 
bushes are of the pre-finished, wrapped type, and the bore 
sizes go from 3 in up to 2 in, and from 10 mm up to 50 mm. 
There are 17 sizes in the inch range and 13 in the metric 
range; for each bore size there is a choice of from two to four 
different lengths. A schedule of finishing dimensions for 
journals and housings can be obtained from the manu- 
facturers. 

The second standard range is thrust washers, which also 
are made in inch and metric sizes, with outside diameters 
between { in and 3} in, and 24 mm and 78 mm. In addition, 
the material is available in strip form, for the manufacture 
of slides for machine tools, or other similar purposes. The 
dimensions of a strip are 4 « 18 in, and there is a choice of 
four thicknesses between 0-044 in and 0-091 in. If desired, 
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Table—TyYPICAL PV FACTORS FOR DI 


BEARINGS IN A VARIETY OF 


NORMAL APPLICATIONS 





Type of duty 





25.000 
12,000 


Thrust bearings 
Slides 
Journal bearings 
a. Unidirectional loads, load 
fixed relative to bush 
b. Rotating loads, load rota 
ting relative to bush 
Fixed load and oscillating 
shaft 


16,000 
25.000 


30 000 





steel 


Hardened steel (540 Brinell 


10,000 hr 


15,000 
7,000 


1,000 hr 


10,000 hr 


30 000 
13,000 


12.000 
6.000) 


12,000 25,000 19,000 


19.000 30 O00 24.000 


23.000 33,000 24,000 








the strip can be bent, pressed or embossed, provided that 
the radius of bend is not less than five times the strip thick- 
ness, and that the elongation of the bearing surface does not 
exceed 10 per cent 

Non-standard products in the DU series include larger 
thrust washers, of up to 41in outside diameter, half-round 
thrust washers of up to double that diameter, and thrust 
pads. Wrapped bushes can be made to non-standard 
dimensions within the limits of the standard 
relatively recent introduction is a range of hemispherical 
components for ball joints of most types. These are avail- 
able with internal spherical diameters ranging from { in to 
14 in; they can be flanged or unflanged, pierced if necessary, 
and the p.t.f.e-lead coating can be on either side, although 
use with the coating on the inside is preferred by The 
Glacier Metal Co. 

When the DU bearings were first introduced, manufacture 
had to begin on a relatively small scale, because the market 
could not be accurately assessed at that stage. Consequently, 
the unit cost was appreciably higher than that of orthodox 
bearings. In the earlier stages, therefore, the emphasis was 
on applications to textile and other machinery, where the 
price aspect was less critical than it is in the automobile 
industry, particularly the car section. This policy served 
its purpose, in that it produced a fund of operational data, 
helped to offset the development costs and, by the satis- 
factory performance of the bearings in those applications, 
prepared the way for the present assault on the automobile 
market 

In spite of this deliberate canalization of activity, several 
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Vabis 


and clutch pedal pivots 


vehicle manufacturers were attracted by the possibilities of 
the DU material and have already standardized it in a 
variety of applications. For example, on the Humber Hawk 
and Super Snipe cars, the use of DU thrust washers in the 
king-pin assemblies has effected a marked reduction in the 
steering effort. A DU bush is employed in the gear change 
linkage of these cars. Another use of the bushes is as 
pivot bearings for control pedals in Jaguar and Aston Martin 
production cars; in the second of these makes, the bushes 
are also used in the throttle linkage and the gearbox remote 
control 

Other Aston Martin applications are to the tensioner 
sprocket of the chain drive to the camshafts and, on the 
Formula 1 racing car, to the pivot bearings of the front 
suspension upper wishbones. On the Standard Vanguard 
fitted with Borg-Warner automatic transmission, the gear 
change cross shaft is carried in DU bushes. The 1959 
Lotus Formula | and 2 racing cars embodied an unusual 
high-speed application—a steady bearing for the middle 
of the propeller shaft. Although the loading on this bearing 
was relatively light, the 1! in diameter shaft revolved at up 
to 8,000 r.p.m., giving the high maximum linear velocity 
of 2,360 ft min 

Hitherto, the commercial vehicle companies have probably 
shown a greater interest in the DU material than have the 
car manufacturers. There are several probable reasons for 
this, of which the cost aspect has already been mentioned; 
by virtue of large-scale production and the ability to reduce 
objection has now been overcome 
commercial vehicles are more 


bearing length, this 


Also, operators ol cost- 


commercial vehicles and buses than on any other make. DU bushes 
centre, the brake shoe heel pivots, right, and at other points 











On some Scania Vabis 
chassis, the steering 
king-pin swivels in 
DU bushes; thrust is 
taken on a DU washer 
housed in the bottom 
cover of the assembly 





conscious in respect of maintenance than are car owners: 
any reduction of the work required not only brings down 
labour costs but also increases the utilization of the vehicle. 
A further point is that, with the relatively low production 
rate of commercial vehicles, design modifications can be 
introduced more readily. 

King-pin thrust washers and or bushes from the DU 
range are now fitted as standard to A.E.C., Albion, Commer 
j-ton, Guy and Scania Vabis commercial or public service 
vehicles. It is worthy of comment that the last-named 
company, one of Scandinavia’s largest vehicle manufac- 
turers, utilizes the DU material to a greater extent than does 
any other in this field: the bushes are extensively employed 
in the brake, clutch and throttle control systems. Brake 
and clutch pedals or cross shafts of Dennis and Guy vehicles 
pivot on these bushes, and Guy Motors also use them in the 
throttle linkage. Other applications are: Bristol brake shoe 
anchor pins, Foden powered steering balance mechanism, 
Leyland centrifugal clutch fly-weights, outrigger bearings 
on J.A.P. engines, and driving seat adjustment pivots on 
Volvo trucks. 

In addition to these applications to vehicles and engines 
already in production, there are several others which have 
been recommended for adoption by the vehicle manufac- 
turers concerned, but which have not yet gone into produc- 
tion. Naturally, it is not possible to be specific about these 
at the present juncture, but they include king-pin assemblies, 
a gear change mechanism embodying a hemispherical joint, 
and transmission bearings. As an indication of the rapidly 
increasing interest in the DU material, over 40 test projects 
are now being carried out by car, commercial vehicle, 
motor-cycle and component and accessory manufacturers. 
These projects cover a wide range, including suspension 
and steering ball joints, also bearings for suspension arms, 
carburettors, starter motors, gearbox and other transmission 
duties, and fuel injection pumps, in addition to further 
examples of the applications already mentioned. 

Extensive as is the complete list of these test projects, 
there are several suitable applications that have not yet been 
investigated. Among them are bearings for generators and 
distributors, windscreen wipers, water pumps, heating fans 
and window winding mechanisms. This material could also 
undoubtedly be applied to numerous machine tool duties. 
DU bearings are already utilized on the Kearns Number 3 
universal boring and surfacing machine, for the cross 
traverse drive shaft and the plungers of the saddle clamp. 

Mention was made earlier of the possibility of reducing 
production costs by making full use of the properties of 
the DU material. A case in point is the king-pin assembly 
of a heavy car or a commercial vehicle, in which the standard 
design embodies a taper-roller or ball thrust bearing. Tests 
conducted by The Glacier Metal Co. have indicated that, 
if DU thrust pads or washers are used in conjunction with 
DU king-pin bushes, the frictional characteristics’ are at 
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least as good as those of the original assembly. Conse- 
quently, assuming the necessary redesigning to be accept- 
able, the taper-roller or ball bearing could be eliminated 
and the layout simplified accordingly. 

Another line of development, and one that the company 
considers to be entirely feasible, is the elimination of lubrica- 
tion of the rocker gear of overhead-valve engines. The 
conventional bearings in the rockers could be replaced by 
DU bushes—they have already been tested in that duty—and 
the valve guides and push rods or rocker ends provided 
with a p.t.f.e-lead bearing surface, as will be described 
later. Lower cost should result from the deletion of oilways 
in the various components. Another advantage would be a 
reduction in oil consumption, particularly in the case of a 
worn engine: the amount of oil lost down the inlet valve 
guides is often considerable, and this loss is not only un- 
economic but it also gives rise to heavy deposit formation 
on the valve heads and in the combustion chambers. 


Other dry bearing products 

Clearly, there are numerous bearing applications in which 
a pre-finished component is not acceptable, because the 
effective bearing surface must be machined. Also, there are 
shapes and sizes, particularly small ones, that cannot con- 
veniently be formed from a composite strip. To cater for 
such instances, Glacier DQ material has been evolved; it 
has most of the performance merits of the DU type with the 
additional advantage that it can be readily machined or 
moulded, but it is more expensive. 

This DQ material is made from p.t.f.e., graphite and 
spherical bronze. The bronze is in powdered form and is 
mixed with the other constituents. Since there is no steel 
backing, and the bronze does not form a matrix, the mech- 
anical strength of DQ is lower than that of DU. The ulti- 
mate tensile strength and the shear strength, both measured 
at 20 deg C, are respectively 875 and 2,000 lb in*. Consider- 
able variation occurs in the compressive strength with 
temperature: at 20 deg C, the strength is 2,700 Ib in’, but 
it rises to 8,300 Ib/in? at —196 deg C and falls to 1,900 Ib in* 
at 100 deg C. 
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the lower figure, there is a length increase of 0.2 per cent, 
owing to a phase change in the p.t.f.e. The thermal con- 
ductivity, 0:0023 cal sec-cm-deg C, is considerably lower 
than that of the DU composition, as would be expected 
from the nature of the material, which can absorb up to 
0-1 per cent by weight of water. 

The conditions in which this material can be 
in general similar to those for the DU type. Apart from the 
lower strength, however, allowance must be made for the 
higher coefficient of expansion. Also, because of the relative 
softness of the material, large interference fits, of the order 
of 0-005 in in of diameter, are required. In certain applica- 
tions, keying or the use of an adhesive may be necessary for 
security. Here again, useful design information is available 
from the manufacturers. Unlike DU bearings, those of DQ 
material wear continuously, at a very low rate, throughout 
their life. When th earing size is being determined, 
therefore, the amount of wear tolerable must be related to 
the expected life. 

While the normal DQ material has good resistance to 
chemical attack, a modified version is available that provides 
almost complete inertness. This alternative material is 
known as DQ2, and its greater chemical resistance is ob- 
tained by the use of a non-metallic filler, with some conse- 
quent loss of mechanical strength and wear resistance 
Because of this, the makers do not regard it as suitable for 
automobile applications. 

The DQ material is available from stock in bar and tube 
form. There are ten sizes of bar, ranging from j in to 2 in 
diameter, and six sizes of tube. The smallest tube has an 
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outside diameter of gin and a bore of jin, and for the 
largest the corresponding dimensions are 2in and 1{ in 
In addition, special components, including mouldings, can 
be produced by Glacier to individual requirements. 

This material has already established itself firmly 
variety of fields. It is used successfully in compressors and 
pumps, for liquid and gas seals, in instruments, office mach- 
ines, electronic computers, aircraft controls and machinery 
for handling food, for packaging and for bottling. Although 
no automobile applications have yet been devised, it will be 
surprising if some are not forthcoming in the near future, 
on account of the tnaterial’s versatility 

For the surface treatment of parts on which a low-fricuion, 
wear-resistant surface is required without lubrication, the 
company has evolved two processes, known as DG and DL 
Both consist of the application of a thin, adherent coating 
to a prepared surface, but only the DG, in which the coating 
has a p.t.f.e. base, is thought to be suitable for use on motor 
Its coefficient of friction is lower than that of DL, 


in a 


vehicles 
and its wearing qualities and chemical and corrosion resist- 
ance are superior. Also, it has better mechanical properties 
and some tolerance for liquids, and therefore can be used to 
enhance the effectiveness of normal high-pressure lubricants 
The main advantages of DL are its resistance to atomic 
radiation and its ability to withstand higher operating 
temperatures. It is a molybdenized material and tends to 
be washed off by liquids 

The first stage in the DG process is the chemical treatment 
of the parts to give them a good keying surface. A coating 
of the p.t.f.e-base mixture is then sprayed on at room 
temperature, and the coated parts are subsequently heat 
treated to develop the necessary adhesion. It is, of course, 
essential to ensure at the design stage that this heat treat- 
ment will not affect the strength of the parts 

Normally the entire component is covered, though 
selected areas can be stopped-off if desired by pre-coating. 
Ihe coating is so applied that the DG film is thickest over 
the rubbing area, the thickness there being about 0-003 in; 
the parts have, of course, to be relieved accordingly. On 
most surfaces, dimensions can be held within 0-001 in. 
Against steel, the coating gives a coefficient of friction ranging 
from 0-04 in conditions of low speed and heavy loading, 
to 0:16 where the speed is high and the loading low, an 
average figure being about 0-08. The range of operating 
temperature is from 100 to -+-280 deg C 

Because of the thinness of the coating, the mechanical 
and physical properties of the treated item can be regarded 
as those of the parent metal. However, the coating can be 
scratched relatively easily, so care is needed during storage 
and handling; also, the material is not suitable for operation 
in dirty or abrasive conditions. 

Almost any shape or size of part can be treated, within 
the capacity of The Glacier Metal Company’s heat treatment 
facilities. The only known practical difficulty is in respect 
of small holes having a high length : diameter ratio. Any 
normal steels of low or medium carbon content can be 
treated. High-carbon steels and those with less than 7 per 
cent of alloying elements can usually be treated, but prior 
advice on this should be obtained from Glacier; high-alloy 
steels are unsuitable for DG coating. The treatment of 
certain non-ferrous metals is practicable, though here again 
the advice of the company should be sought 

Several DG applications are at present being considered 
by vehicle and accessory manufacturers. Obviously, details 
cannot be given at this stage. It can be stated, however, 
that they include components of the ignition and fuel 
supply systems. With regard to the earlier mention of 
eliminating rocker gear lubrication, it is of considerable 
interest that The Glacier Metal Co. has investigated the 
treatment of valve guides and found it very satisfactory. 
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conscious in respect of maintenance than are car owners: 
any reduction of the work required not only brings down 
labour costs but also increases the utilization of the vehicle. 
A further point is that, with the relatively low production 
rate of commercial vehicles, design modifications can be 
introduced more readily. 

King-pin thrust washers and or bushes from the DU 
range are now fitted as standard to A.E.C., Albion, Commer 
{-ton, Guy and Scania Vabis commercial or public service 
vehicles. It is worthy of comment that the last-named 
company, one of Scandinavia’s largest vehicle manufac- 
turers, utilizes the DU material to a greater extent than does 
any other in this field: the bushes are extensively employed 
in the brake, clutch and throttle control systems. Brake 
and clutch pedals or cross shafts of Dennis and Guy vehicles 
pivot on these bushes, and Guy Motors also use them in the 
throttle linkage. Other applications are: Bristol brake shoe 
anchor pins, Foden powered steering balance mechanism, 
Leyland centrifugal clutch fly-weights, outrigger bearings 
on J.A.P. engines, and driving seat adjustment pivots on 
Volvo trucks 

In addition to these applications to vehicles and engines 
already in production, there are several others which have 
been recommended for adoption by the vehicle manufac- 
turers concerned, but which have not yet gone into produc- 
tion. Naturally, it is not possible to be specific about these 
at the present juncture, but they include king-pin assemblies, 
a gear change mechanism embodying a hemispherical joint, 
and transmission bearings. As an indication of the rapidly 
increasing interest in the DU material, over 40 test projects 
are now being carried out by car, commercial vehicle, 
motor-cycle and component and accessory manufacturers. 
These projects cover a wide range, including suspension 
and steering ball joints, also bearings for suspension arms, 
carburettors, starter motors, gearbox and other transmission 
duties, and fuel injection pumps, in addition to further 
examples of the applications already mentioned. 

Extensive as is the complete list of these test projects, 
there are several suitable applications that have not yet been 
investigated. Among them are bearings for generators and 
distributors, windscreen wipers, water pumps, heating fans 
and window winding mechanisms. This material could also 
undoubtedly be applied to numerous machine tool duties. 
DU bearings are already utilized on the Kearns Number 3 
universal boring and surfacing machine, for the cross 
traverse drive shaft and the plungers of the saddle clamp. 

Mention was made earlier of the possibility of reducing 
production costs by making full use of the properties of 
the DU material. A case in point is the king-pin assembly 
of a heavy car or a commercial vehicle, in which the standard 
design embodies a taper-roller or ball thrust bearing. Tests 
conducted by The Glacier Metal Co. have indicated that, 
if DU thrust pads or washers are used in conjunction with 
DU king-pin bushes, the frictional characteristics are at 
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least as good as those of the original assembly. Conse- 
quently, assuming the necessary redesigning to be accept- 
able, the taper-roller or ball bearing could be eliminated 
and the layout simplified accordingly. 

Another line of development, and one that the company 
considers to be entirely feasible, is the elimination of lubrica- 
tion of the rocker gear of overhead-valve engines. The 
conventional bearings in the rockers could be replaced by 
DU bushes—they have already been tested in that duty—and 
the valve guides and push rods or rocker ends provided 
with a p.t.f.e-lead bearing surface, as will be described 
later. Lower cost should result from the deletion of oilways 
in the various components. Another advantage would be a 
reduction in oil consumption, particularly in the case of a 
worn engine: the amount of oil lost down the inlet valve 
guides is often considerable, and this loss is not only un- 
economic but it also gives rise to heavy deposit formation 
on the valve heads and in the combustion chambers. 


Other dry bearing products 

Clearly, there are numerous bearing applications in which 
a pre-finished component is not acceptable, because the 
effective bearing surface must be machined. Also, there are 
shapes and sizes, particularly small ones, that cannot con- 
veniently be formed from a composite strip. To cater for 
such instances, Glacier DQ material has been evolved; it 
has most of the performance merits of the DU type with the 
additional advantage that it can be readily machined or 
moulded, but it is more expensive. 

This DQ material is made from p.t.f.e., graphite and 
spherical bronze. The bronze is in powdered form and is 
mixed with the other constituents. Since there is no steel 
backing, and the bronze does not form a matrix, the mech- 
anical strength of DQ is lower than that of DU. The ulti- 
mate tensile strength and the shear strength, both measured 
at 20 deg C, are respectively 875 and 2,000 Ib in*. Consider- 
able variation occurs in the compressive strength with 
temperature: at 20 deg C, the strength is 2,700 lb in*, but 
it rises to 8,300 Ib in? at — 196 deg C and falls to 1,900 Ib in? 
at 100 deg C. 

Between 20 and 80 deg C, the coefficient of linear expan- 
sion is 8 - 10 ® per deg C; as the temperature rises through 
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the lower figure, there is a length increase of 0.2 per cent, 
owing to a phase change in the p.t.f.e. The thermal con- 
ductivity, 0:0023 cal sec-cm-deg C, is lower 
than that of the DU composition, as would be expected 
from the nature of the material, which can absorb up to 
0-1 per cent by weight of water. 

The conditions in which this material can be 
in general similar to those for the DU type. Apart from the 
lower strength, however, allowance must be made for the 
higher coefficient of expansion. Also, because of the relative 
softness of the material, large interference fits, of the order 
of 0-005 in in of diameter, are required. In certain applica- 
tions, keying or the use of an adhesive may be necessary for 
security. Here again, useful design information is available 
from the manufacturers. Unlike DU bearings, those of DQ 
material wear continuously, at a very low rate, throughout 
their life. When the bearing size is being determined, 
therefore, the amount of wear tolerable must be related to 
the expected life. 

While the normal DQ material has good resistance to 
chemical attack, a modified version is available that provides 
almost complete inertness. This alternative material is 
known as DQ2, and its greater chemical resistance is ob- 
tained by the use of a non-metallic filler, with some conse- 
quent loss of mechanical strength and wear resistance 
Because of this, the makers do not regard it as suitable for 
automobile applications. 

The DQ material is available from stock in bar and tube 
form. There are ten sizes of bar, ranging from } in to 2 in 
diameter, and six sizes of tube. The smallest tube has an 
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outside diameter of 2 in and a bore of jin, and for the 
largest the corresponding dimensions are 2in and 1} in 
In addition, special components, including mouldings, can 
be produced by Glacier to individual requirements. 

This material has already established itself firmly in a 
variety of fields. It is used successfully in compressors and 
pumps, for liquid and gas seals, in instruments, office mach- 
ines, electronic computers, aircraft controls and machinery 
for handling food, for packaging and for bottling. Although 


no automobile applications have yet been devised, it will be 


surprising if some are not forthcoming in the near future, 
on account of the material’s versatility 

For the surface treatment of parts on which a low-friction, 
wear-resistant surface is required without lubrication, the 
company has evolved two processes, known as DG and DL 
Both consist of the application of a thin, adherent coating 
to a prepared surface, but only the DG, in which the coating 
has a p.t.f.e. base, is thought to be suitable for use on motor 
vehicles. Its coefficient of friction is lower than that of DL, 
and its wearing qualities and chemical and corrosion resist- 
ance are superior. Also, it has better mechanical properties 
and some tolerance for liquids, and therefore can be used to 
enhance the effectiveness of normal high-pressure lubricants 
The main advantages of DL are its resistance to atomic 
radiation and its ability to withstand higher operating 
temperatures. It is a molybdenized material and tends to 
be washed off by liquids 

The first stage in the DG process is the chemical treatment 
of the parts to give them a good keying surface. A coating 
of the p.t.f.e-base mixture is then sprayed on at room 
temperature, and the coated parts are subsequently heat 
treated to develop the necessary adhesion. It is, of course, 
essential to ensure at the design stage that this heat treat- 
ment will not affect the strength of the parts 

Normally the entire component is covered, though 
selected areas can be stopped-off if desired by pre-coating. 
Ihe coating is so applied that the DG film is thickest over 
the rubbing area, the thickness there being about 0-003 in; 
the parts have, of course, to be relieved accordingly. On 
most surfaces, dimensions can be held within 0-001 in. 
Against steel, the coating gives a coefficient of friction ranging 
from 0-04 in conditions of low speed and heavy loading, 
to 0:16 where the speed is high and the loading low, an 
average figure being about 0:08. The range of operating 
temperature is from 100 to -+-280 deg C. 

Because of the thinness of the coating, the mechanical 
and physical properties of the treated item can be regarded 
as those of the parent metal. However, the coating can be 
scratched relatively easily, so care is needed during storage 
and handling; also, the material is not suitable for operation 
in dirty or abrasive conditions. 

Almost any shape or size of part can be treated, within 
the capacity of The Glacier Metal Company’s heat treatment 
facilities. The only known practical difficulty is in respect 
of small holes having a high length : diameter ratio. Any 
normal steels of low or medium carbon content can be 
treated. High-carbon steels and those with less than 7 per 
cent of alloying elements can usually be treated, but prior 
advice on this should be obtained from Glacier; high-alloy 
steels are unsuitable for DG coating. The treatment of 
certain non-ferrous metals is practicable, though here again 
the advice of the company should be sought. 

Several DG applications are at present being considered 
by vehicle and accessory manufacturers. Obviously, details 
cannot be given at this stage. It can be stated, however, 
that they include components of the ignition and fuel 
supply systems. With regard to the earlier mention of 
eliminating rocker gear lubrication, it is of considerable 
interest that The Glacier Metal Co. has investigated the 
treatment of valve guides and found it very satisfactory. 
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Components of the Hydrosteer 
fully integral, power-assisted 
steering gear. Just above the 
camshaft can be seen the parts 
of the valve, valve chamber and 
sealing assemblies. The casing 
and its top and end covers are 
LM22 aluminium alloy castings 


POWERED STEERING 


Integral System for Larger Cars; Cam-and-Peg Mechanism and Spool 


Type Valve; Marked Ratio Variation from Straight Ahead to Full Lock 


U wuxe previous power-assisted steering systems 
produced by Hydrosteer Ltd., of Luton, this company’s 
latest unit is of the fully integral type : as in the case of the 
Burman and Saginaw designs, described in the February 
and October 1959 issues of Automobile Engineer, there are 
no external jacks. The cam-and-peg mechanism employed 
is of largely orthodox layout, except in that the cam is 
surrounded by the skirt of a piston working within the body 
of the steering box; the hydraulic power is transmitted 
directly from the piston to the peg carrier. A hydraulic 
valve, of spool type, moves axially in response to steering 
wheel movement to cause oil pressure to be applied to the 
appropriate side of the piston. The equipment has not yet 
been adopted for fitting to production cars, but it is being 
tested by several manufacturers. 

From the outset, it was decided that the fail-safe type of 
design should be adopted : in other words, the driver should 
still be able to retain full control of the car in the event of a 
failure of the power system. Another essential was that 
jamming of the valve, either under very heavy loading or 
because of foreign matter in the oil, should be made 
virtually impossible. A third primary requirement was a 
high speed of response of the hydraulic assistance. In the 
design adopted, the valve can aiways keep pace with the 
speed of operation of the steering control, though an 
inadequate pump output can result in the full degree of 
servo not being available for exceptionally rapid wheel 
movements. 

Rapid response is, of course, y one desirable feature 
of a powered steering gear: the response must also be 
sensitive and progressive if lack of “feel”, a point of criticism 
of certain earlier designs, is to be avoided. The Hydrosteer 
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technicians have aimed at giving the unit a feel comparable 
with that of a good unassisted system. They claim to have 
obtained this by careful attention to the degree of feedback, 
and to the design of the seals and the springs of the 
hydraulic valve. These springs are of disc type, with a high 
rate, and are balanced in their neutral position. Other 
important considerations in the design were that the size 
and weight should be the minimum consistent with adequate 
strength, and that the valve assembly should be of a simple 
type in which wear and its attendant backlash would be 
restricted. 

To obtain the maximum benefit from power-assisted 
steering, it was felt desirable that the ratio should vary 
appreciably between the straight-ahead position and full 
lock on each side. Obviously, a relatively high overall ratio 
was desirable to avoid excessive steering wheel movement 
during low-speed manoeuvring. However, in view of the 
low steering effort attainable, too direct an action in the 
middle of the range could result in the vehicle’s being 
subjected to dangerously large lateral forces at high speeds. 
The cam selected therefore provides moderate gearing in 
the region of the straight-ahead position and a progressive 
numerical fall in the ratio towards the locks. On a typical 
example, the ratio diminution from the middle to full lock 
in each direction is about 39 per cent. 

The nominal maximum working pressure is 1,000 lb/in¢, 
but there is usually sufficient power available at 700 Ib/in?. 
In the event of failure of the power supply, only 0-6 in 
movement of the steering wheel rim is needed, in either 
direction, before positive mechanical transmission occurs. 
Such a small amount of backlash should be undetectable 
under normal operating conditions. <A typical Hydrosteer 


Automobile Engineer, May 1960 











unit has length, breadth and height dimensions, as drawn, 


of 11%: in, Sys in, and 14in, though the last figure varies 
with the length of rocker shaft specified; an average dry 
weight is quoted by the manufacturers as about 20 Ib 


Design and construction 
The main housing and its three covers are substantial 
castings in LM22 aluminium alloy. A hole in the lower 
end of the body accommodates the spigot of the bottom 
cover, which is pushed home, from within, against a 
shoulder; oil sealing is effected by means of an O-ring 
Contained in a counterbore in the cover are a p.t.f.e. oil seal, 
of castellated section, and the channel-section outer race 
of the lower of two uncaged ball bearings that support the 
camshaft. The upper end of the cover is relieved circum- 
ferentially to provide a spigot for the sleeve in which the 
piston operates. This sleeve is of cold-drawn 
tubing, to B.S.S. 980/CDS2; it is a push fit in the bore of 
the housing and, since it is clamped by the components 
above it, prevents any upward movement of the bottom 
cover. The wall thickness of the sleeve is 0-109in, and 
near the upper end is a kidney shape hole, which provides 
operating clearance for the peg assembly on the end of the 
rocker arm. 
Thirty-two balls, 
shaft bearings just mentioned. 
camshaft, which has a diameter of 


seamless 


» in diameter, are used in each of 1 
They run directly on th 
li in for most of its 





s for adjusting the 


The inner castellated ring-nut on the rocker arm 
cup-and-cone bearings of the peg. At the far end of the casing are tw 
tapped holes, which are for the unions of the oi supply and returr 


length and is machined from En.34 steel; this component 
is case-hardened on the cam track and on the bearing tracks 
The shaft and the piston, which is of En.32B steel, have a 
ground finish on their working surfaces, whereas the bore 
of the sleeve has a special fine finish. Although the piston 
is supported in the sleeve for its full length, the presence 
of the cut-out makes it necessary for the external piston 
ring type seal to be at the upper end. To minimize friction, 
the bore of the piston does not bear on the shaft, the only 
contact being by the internal hydraulic seal. This seal is 


of unusual design: it comprises a D-section p.t.f.c. ring 
disposed with the curved surface bearing on the shaft 
lightly loaded inwards by a square-section, synthetic rubber 


ring installed around it in the same groove. 

The cam track has a section somewhat similar to that of 
an Acme thread. Because of the geometrical considerations 
the track is not a regular helix but varies in pitch, included 
angle and depth. The radius of swing of the follower peg 
is greater than the distance separating the axes of the rocker 
shaft and the camshaft. It follows that, as the rocker arm 
swings from the straight-ahead position towards either lock, 
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washer and 
screwed into the rocker shaft until the button is nipped 
between the 
screwed on, and the assembly is offered up to the body. 


the peg axis travels through an arc that successively 
approaches, intersects and diverges from the vertical plane 
containing the shaft axis. This lateral movement results in 
i continuous variation in the required depth of meshing of 
the peg. Also, since the peg axis is only radial, relative to 
the camshaft, at two points on the arc of travel, the included 
angle of the track flanks varies with the amount of offset 

In the example already mentioned, the numerical reduc- 
tion in the lock is 15-6:1 at the 
straight-ahead position, falling to 9-56:1 at full lock. This 
variation is, of course, obtained by varying the pitch angle 
of the track. It will be appreciated, however, that the lateral 
movement of the peg affects this angle also: towards one 
lock it is in the same direction as the rotation of the shaft, 
whereas towards the other lock it is in opposition. In the 
the pitch angle should be greater 
than in the latter to give the same effective ratio on each 
side of the neutral position. Because of various 
factors, the true form of the track is a complex one, and it 
a generating process, using a form tool of 
the tool follows the movement 
camshaft is appropriately 


rauio towards each 


former theretore, 


case, 


these 


is produced by 
the same section as the peg 
of the rocker 
rotated 
A single forging of En.16T steel comprises the rocker arm 
The shaft is slightly cranked to clear the 
and is carried in two phosphor-bronze plain 


shaft while the 


ind its shaft 
piston sleeve, 
bearings. Of these, the lower is a Vandervell wrapped, steel- 
xacked component, and is fitted in a long boss projecting 
from the main housing. Below it is a synthetic rubber seal 
of X-section, retained by a washer and circlip. The upper 
bearing, a solid bush, is in the rocker arm cover; its oil seal, 
of X-section, is housed in a groove at the upper end of 

the shaft. Both bearings are lubricated by the hydraulic oil 
An unusual method has been adopted for supporting the 
rocker shaft, resisung cam thrust and adjusting the mesh of 
shaft is suspended from the cover by 
adjusting screw. Bored in the upper end of 
in axial, tapped blind hole. At the 
is a smaller hole, into which is pressed 


} 
i1soO 


the peg : in effect, the 
means of the 
the rocket 


bottom olf 


Snalt 1 


this hole 


ht fe. seals of 


istellated section are employed; the 
of one of the camshaft bearings 


hattom over rrie the er race 





i hardened plug. The adjusting screw has a button head at 


the lower end, and over its shank are slipped a Belleville 


an externally threaded sleeve. This sleeve is 


plug and the washer. Then the cover is 
After the nuts securing the cover have been tightened, 
he depth of engagement of the peg is set, by means of the 


adjusting screw, to give the minimum of backlash at the 
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straight-ahead position. Finally, the screw is locked in 
position by an external nut. Dowels position the cover, 
which is secured by studs and a socket screw, all of 1%: in 
diameter. A metal gasket is fitted between the cover and 
the body, and it embraces a synthetic rubber sealing ring 
of square section. 

The cam follower peg is made from En.34 steel, case- 
hardened, and its shape is a truncated taper of 30 deg 
included angle. Friction is minimized by permitting the 
peg to rotate, in two ball bearings of the cup-and-cone type. 
The two outer races are formed on a hardened, En.351 steel 
sleeve pressed into the rocker arm, against a shoulder, while 
the inner race of the lower, and larger, bearing is machined 
on the spindle of the peg. Because of the need for adjust- 
ment of these bearings, the cone of the upper bearing is a 
light push fit on the upper end of the spindle. A castellated 
adjusting nut is fitted above the cup, and is locked by a 
special cup washer, which is peened into two of the castella- 
tions. The sleeve that houses the bearings is secured in the 
rocker arm by another castellated nut and locking washer. 
Ten | in diameter balls are used in the lower bearing and 
thirteen 4% in diameter balls in the other. 

A hole in the upper wall of the piston accepts the lower 
end of the sleeve, the section of the piston being thickened 
round the hole to provide an adequate bearing surface. It 
will readily be appreciated that, as the rocker arm swings 
in its horizontal arc, the piston receives a part-rotary 


Graph comparing steering gear ratio against rocker shaft swing for the 
power steering unit, lower curve, with that for a 20:1 manual unit 


a 


General arrangement of the 
Hydrosteer gear; the seals now 
used between the end covers 
and the camshoft are of a later 
type. The method of adjusting 
the depth of meshing of the peg, 
and of taking the thrust from 
the cam, is unusual. A vertical 
dowel peg prevents rotation of 
the piston sleeve in the casing 


motion. To accommodate the angular 
displacement of the axes of the hole and 
the sleeve, the lower end of the sleeve is 
given the appropriate spherical form. 
Above the piston, near the upper end 
of the shaft, is the valve chamber, in 
which is the spool type valve. Both the 
chamber and the spool are of En.la steel, 
and their combined design is such that, 
for assembly purposes, divided construc- 
tion has to be employed for each: the 
chamber is made in three parts, located 
relative to one another by dowels, while 
the spool comprises two parts, screwed together. The 
chamber components are contained in the housing, and the 
spool is mounted on the shaft. 

The lower portion of the valve chamber houses the outer 
race for the upper of the two ball bearings carrying the 
camshaft. It is a push fit in the main casting and its lower 
end has a male spigot, which is pressed into the piston 
sleeve. In the bore, immediately above the race, is a groove 
containing an oil seal of similar type to that in the bore of 
the piston. On the upper face of this component is an 
annular groove, of stepped section, which houses the lower 
of the two valve seal assemblies. Each of these comprises 
an O-ring covered bv a sealing plate—a thin steel annulus. 
The thickness of the O-ring is sufficient to hold the sealing 
plate just clear of its seating in the groove. Excessive spread 
f the ring is avoided by giving the bottom of the groove a 
45 deg chamfer on the inner side. Encircled by the seal 
assembly is a shallow annular lip, which is the abuument for 
the lower of the two springs of the valve. 

The intermediate portion of the valve chamber is of 
cylindrical form, with an inwardly projecting flange at its 
upper end. Machined in its periphery is an annular groove, 
which registers with the pressure connection from the 
pump. Four radial holes, equally spaced round the circum- 
ference, lead from the bottom of the groove to the inner 
face of the flange. The periphery is relieved at the lower 
end to accept the O-ring that forms the seal between the 
component and the body, in which it is a push fit. 

Completing the chamber is the portion forming the upper 
end-wall. It has a short cylindrical extension that seats 
against the upper face of the radial flange on the inter- 
mediate portion. As are the other two components of the 
chamber, it is a push fit in the body, against which it is 
sealed by an O-ring in the same manner as the intermediate 
portion. This third portion carries the second valve seal 
assembly, and it also has an annular lip for the upper spring 
abutment 

There is considerable radial clearance between the valve 
spool and the chamber, the insensitivity of the valve to 
foreign matter in the oil being attributable to this and to 
the end sealing arrangement. Mention has already been 
made of the divided construction of the spool. Between 
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the halves is clamped the transversely split outer race of a 
deep-groove ball bearing. This bearing positions the. spool 
on the shaft while permitting the latter to revolve. Since 
the length of the spool is critical, the seating face between 
the halves is accurately machined on the end of the 
female portion, and the race is shimmed as necessary for its 
correct fit in the spool. 

The spool is of double-flanged form, and the inwardly 
projecting flange of the intermediate part of the chamber is 
within the waisted portion. In addition to the radial 
clearance between the inner face of the chamber flange and 
the waisted portion of the spool, there is axial clearance 
between that flange and the end flanges of the spool, the 
purpose of which will be explained later. On each end of 
the spool is an annular lip, of the same radius as the sealing 
rings in the chamber, and a spigot, which is of smaller 
diameter than the lip. On each spigot fits one of the washer 
type control springs; the spigots are relieved at intervals t 
permit the passage of oil past the springs. As is shown by 
the accompanying graph, the combined rate of the 
varies a little but is in the region of 15,800 Ilb/in 
neutral position of the valve, the springs are preloaded in 
opposition, between the lips on the chamber end walls, th 
deflection of each being about 0-01 in 

It can be seen from the appropriate illustration that there 
are four notches in the periphery of each of the two end 
flanges of the spool. In these notches sit steel rods, 
pass through axial holes in the flange of the intermediat 
portion of the valve chamber. These rods fulfil the pl 
purpose of locking the halves of 
preventing the spool from rotating relative to the c 
and of retaining the sealing plates in their grooves 

Some explanation is desirable here regarding the disposi- 
tion of the various oilways. It has already been stated that 
the feed is to the intermediate portion of the valve chamber 
Communication between the lower end of the chamber and 
the space below the piston is through an oblique drilling in 
the chamber wall to an axial groove cored in the body 
immediately above the piston sleeve 
the three portions of the chamber lead from the 


1 
iower, 


springs 
In the 


whbicn 


the spool together, 


Passages formed in 


upper end 


of this chamber to the upper side of the piston 
passage, on the low-pressure side, is through the 
the valve spring spigots, and also through the clearances 
between the spool and the shaft, and between the shaft and 
the upper wall of the valve chamber 

A counterbore in the top cover fits closely over the 
portion of the valve chamber, so that the tightening « 
cover clamps the complete internal assembly S« 
between the cover and the body is effected by a 
section, synthetic rubber ring, and the cover is held down 


square- 
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t the steering wheel is plotted against force at the 


tyt don the powered system 


mnual units and for 
of 17 The reduction in the effort is considerable 


ind nuts. Since the cover ts 
side of the fluid circuit, 
between it and the 
haft. However, the sealing arrangement ts of interest since 


in diameter studs 


only 


by eigh 


in contact with the return 


high-pressure seals are not necessary 
it makes possible the employment of the same size of seal 
is at the lower end, in spite of the smaller diameter of the 
here is that the longitudinal forces 
balanced, so there is no resultant 
load tending to move it the other 

On the a short steel sleeve is held against a shoulder 
by a circlip fitting into a It is a push fit on the 
haft and its bore is grooved to take an O-ring. A second, 
smaller counterbore in the 
p.t.f.c. seal identical with that at the other end of the shaft 


shaft The advantage 
acting on the shaft are 
in one direction or 
shaft, 
groove 
castellated 


top cover houses a 


rhis seal is retained by a washer and circlip, and it bears 
he sleeve, which is chromium plated 


n the periphery of the 


> resist Wear 


Princip'e of operation 

unit under pressure by a Hobourn- 
t type, in which hollow rollers are 
this pump is belt driven from 
fluid, normally an 
rating, is housed in a reservoir, of 
may be part of the pump assembly 
Flexible hoses connect the pump 
steering box, and the couplings of the 


Oil ts supplied to the 
Eaton pump, of the lat 
mployed in place of vanes 
the engine The hydrauli 


oil of SAE 10W 


capacity, which 


which 1s 


or be separately mounted 
ind reservoir to th 
igh-pressure type 

there are three possible paths 
pace above the piston, the second 


pump hose are of the h 
From the chamber 
r the oil 


valve 
one 1s to the 
lower side of the piston, while the 


In the neutral 


communicates with the 


third leads to the return to the oil reservoir 


f the valve and chamber assembly, showing the 
ng of the springs, and the divided construction 
Below: The valve components; on 
f the spool is a spigot that carries a spring 


© 
oO ¢ 


ring race 








position, when no steering effort is being applied, the spool 
occupies a central position in the valve chamber. Neither 
ring seal is then in use, and fluid is free to circulate round 
the entire system, without resistance, and to return to the 
reservoir. This situation is illustrated in the first of the 
three accompanying operational diagrams. 

Rotation of the steering wheel, and hence of the cam 
track, in either direction produces an axial reaction between 
the peg and the track. The magnitude of this reaction 
depends, of course, on the effort applied to the steering 
wheel and on the resistance to swivelling offered by the 
front wheels. Since the shaft has a limited amount of axial 
freedom, by virtue of the spool end clearances mentioned 
earlier, this reaction tends to cause the shaft and spool to 
move against the resistance of one of the springs. 

If the reaction is strong enough, the load on the spool 


overcomes this resistance, and axial travel of the shaft 
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Below: The rocker arm and its cranked shaft are a single forging. On 
the end of the sleeve that carries the peg is a spherical seating face 
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occurs. This travel brings the lip on the appropriate end 
of the spool into contact with the adjacent seal, thereby 
closing the direct communication, at that end of the spool, 
between the oil supply and return passages. Direction of 
the oil pressure to the correct side of the piston is effected 
by introducing a flow restriction into one of the two 
remaining paths open to the oil. 

The space between the end flanges of the spool and the 
flange in the chamber forms the communication between 
the two internal passages to the piston. It will therefore 
be apparent that, when the spool moves, and one of its 
flanges approaches the chamber flange, the entrance to one 
passage is restricted whiie that to the other 1s enlarged. 
The resulting pressure differential causes the piston to be 
moved in the required direction. Full powered assistance 
is attained on contact between the two approaching flanges, 
since the bleed from the high-pressure to the low-pressure 
side of the spool is then cut 
off. In the second and third 
operational diagrams, the con- 
ditions of maximum power 
assistance in the two direc- 
tions are shown. Once the 


Diagrams indicating the passages 
for low- and high-pressure fluid 
within the Hydrosteer unit. In the 
top view no steering effort is being 
applied; in the second the piston 
is being moved to the right, and in 
the third its travel is reversed 


axial clearance between spool and chamber is taken up in 
one direction the system becomes mechanically positive. 

Mention was made previously of the fact that the reaction 
between peg and cam track varies with the applied steering 
effort. It follows that the spool travel must vary similarly. 
Thus, no assistance is given until the effort is sufficient to 
warrant it; beyond that point, the assistance increases 
progressively with the effort up to the maximum available, 
which is sufficient even for violent manoeuvres at speed or, 
as is occasionally necessary, for putting the wheels on to 
lock when the vehicle is at rest. If the swivelling resistance 
of the wheels is reduced, however, as in conditions of 
low tyre-road friction, the reaction is correspondingly 
diminished. Consequently, the degree of power applied is 
less than in high-friction conditions, thereby avoiding an 
over-violent response. 

As is almost inevitable with any new product, certain 
development problems were encountered by Hydrosteer 
Ltd. Considerable effort had to be devoted to obviating 
any stickiness in the action of the valve seals, and to 
eliminating oil leakage. Another difficulty experienced was 
the tendency of a pocket of air to form at the highest point 


i 


x 


Graph of the com- 
bined rate of the two 
valve springs, which 
work in opposition 
and are given a 
degree of preloading 
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of the rocker shaft housing. Consequently, a bleed screw is 
now fitted at this point, in the cover, and bleeding is carried 
out in the same manner as on hydraulic braking systems 
A more recent refinement is the embodiment of a hole in 
the piston wall, which at full lock permits a bleed to take 
place from the high-pressure to the low-pressure side, thus 
avoiding hydraulic overloading of the stops. 

The design objective in respect of road behaviour was 
referred to initially. Its attainment was recently confirmed 
in a test run on a much used Super Snipe car. The route 
taken embraced town running, main roads and lanes, and 
included several acute corners, that had to be taken at low 
speeds, and more than one series of fast bends involving 


rapid changes of lock. Only in respect of the lightness of 
the steering was there any obvious indication of power 
assistance, and the feed-back was sufficient to avoid “dead- 
ness”. The gearing finally chosen for this installation would 
be difficult to improve upon: only about 2} turns of the 
steering wheel were needed from lock to lock and, though 
control was positive—without being excessively sensitive 
at high speeds, no substantial effort was needed near full 
lock when the car was crawling, or even when it was at rest 
It was considered that low-speed manocuvring involved no 
more work than it would with the average I-litre car 
weighing about 15 cwt. The self-centring effect was mild, 
but adequate in view of the relatively high gearing. 





Trace Reading Equipment 

A NEW means of rapidly and accurately measuring oscillo- 
graph traces is now available. It is the TRE12 trace reading 
equipment manufactured by Southern Instruments Ltd., of 
Camberley, Surrey. The measured ordinates are auto- 
matically corrected for recording system non-linearities, 
and scaled to present a digital output in the original units 
This output is displayed visually, and can also be tabulated 
by a typewriter, punched on tape or cards or any combina- 
tion of these. All the operating controls are convenient to 
handle, and are so placed as to reduce operator fatigue to 
a minimum. 

The equipment consists of a trace reader and a 4ft rack 
containing power supplies, digitizer, scaling amplifier, range 
setting facilities and output units for feeding the typewriter, 
tape perforator, etc. The reader consists of a well styled 
casing enclosing the paper drive mechanism, which is con- 
tained in a skeleton drum mounted with its axis horizontal 
To load the record spools, the whole drum can be easily 
rotated to the required positions. Paper up to 12 in wide 
is motored across the reading platen by push-button con- 
trolled magnetic clutch drives. A two-speed gearbox is 
similarly operated, providing paper speeds of 1} in/sec and 
12 in/sec. When neither speed is in use the paper is held 
taut and can be moved by a hand wheel. 

To the operator’s left is a double-ended cursor, which is 
moved by a spin wheel. The upper end rests on the record 
while the lower rests on a 3 in diameter function drum 
mounted horizontally at the front of the reader. This 
drum can be rotated by a manual control on the right. To 
it can be attached a sheet of drafting card accurately regis- 
tered in position. By replacing the detachable lower cursor 
by one suitably pierced, a calibration curve is drawn on 
this card. For the reading of records, the cursor is moved 
horizontally to the required point, and the function drum ts 
then rotated until the calibration curve is under the lower 
cursor. The horizontal cursor movement is thus converted 
into a rotation of the function drum and, by means of a 
potentiometer attached to the drum, a voltage is developed 
in proportion to the rotation. 

Operation of a read-out push-button or foot switch brings 
into action the digitizer, which converts the output voltage from 
the reader into digital form, displays it visually as illuminated 
figures, and also provides signals to operate the typewriter 
or other output organ. A programming panel is provided 
to enable the required digitizer scale to be selected. Twelve 
switches allow scales to be set up for any number of 
channels up to twelve in any desired order. A suitable 
signal is returned to gas-discharge numerical indicators on 
the trace reader showing the next channel to be read. 

Other principal features of the equipment are as follows 
It covers ranges of +999, +1999, +4999, can be calibrated 
linearly or non-linearly, and is accurate to +0-1 per cent of 
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full scale. Trace records can be on either opaque him or 
paper, perforated or unperforated, and can be in photo 
graphic or direct writing, continuous or intermittent. The 
spools take paper up to 12in wide, and hold 5in on a 1 in 
diameter core. Print-out can be effected in 1-25 sec, and 
full scale output can be obtained for any trace up to 12in 
amplitude. The mains supply voltage required is 200 to 
250 volts, 50 c/sec ac., and the consumption is approxi- 
mately 750 watts. So far as dimensions are concerned, the 
trace reader is 265 x25 16 in high, and the console has 
overall base dimensions of 2ft 6in square and its overall 
height is 4ft 105 in. 

The use of drafting card for calibiation curves, with its 
resultant stability and ease of exact replacement, has made 
the repeatability of measurements a most useful feature. It 
enables records and calibration be stored and 
remeasured at a later date without loss of accuracy. This 
instrument is already in use in the aircraft industry, where 
it is used for analysing records obtained on flight tests 


curves to 


Lucas Lever Type Switches 
SEVERAL of 


the latest British cars are fitted with lever 
type electric switches from the new Lucas range. The 
lever is smartly styled, and the toggle mechanism is robustly 
designed to ensure reliable operation over long periods. 
In the range are several different two-position and three- 


Typical examples from the new range of Lucas toggle-action switches 
the three-position model 57SA, left, and the two-position model 65SA 


position switches, all fitted with Lucar blade connectors 
for the wiring. 

An example of a three-position switch is illustrated. It 
is the model 57SA, which is intended fcr flashing type 
direction indicators and is fitted with a dimming resistor 
for the warning light. The other switch depicted is the 
least expensive in the range, the model 65SA; this is a two- 
position type suitable for fog lamp operation, though it 
can be obtained with a spring return action for use in con- 
junction with screen washing equipment. These switches 
are now in quantity production by Joseph Lucas Ltd., the 
address of whom is Great King Street, Birmingham, 19. 
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An interesting feature of the 
induction system of this engine 
is the single automatic choke 
installed in the air intake tube 
to the central oil-wetted cleaner 


CHEVROLET 


AIR-COOLED 


ENGINE 


The Six-Cylinder. Air-Cooled Engine Designed for the General Motors Chevrolet Corvair 


Y ITH a six-cylinder, light-weight, air-cooled engine 
mounted at the rear, the new Chevrolet Corvair marks a 
completely new departure in American motor-car design. 
This layout has certain advantages in respect of low floor 


and even some aspects relative to weight distribution 
Nevertheless, the engine must be light and compact, 
especially in the fore-and-aft dimension, if road handling 
characteristics are to be satisfactory. For these reasons, the 
new Chevrolet engine is air-cooled, is largely made of 
aluminium and has its six cylinders horizontally opposed 
Since this engine has been designed by a manufacturer who 
certainly understands the needs of mass production, it is 
worthy of serious study. 


Dimensions and output 

The bore and stroke are 3-375 x 2-6in, and this gives a 
swept volume of 140in*, or 2-3 litres. A compression ratio 
of 8-0:1 has been adopted and the engine is intended to 
be run on regular-grade petrol. The maximum power 
output of the unit, as installed, is 80 b.h.p. at 4,400 r.p.m., 
which corresponds tc a mean piston speed of only 
1,960 ft/min, and the maximum torque is 125 lb-ft at 
2,400 r.p.m; this corresponds to a b.m.e.p. of 136 1b/in- 
If the cylinders are numbered, conventionally, from the 
front of the engine, that is, the end opposite to the flywheel 
—in this installation the end nearest the rear of the car— 
the left bank of cylinders includes numbers 1, 3 and 5, while 
the right bank contains numbers 2, 4 and 6. The firing 
order is then 1-4-5-2-3-6 and, again as viewed from the 
front end, the direction of rotation of the engine is 
anticlockwise. 


Piston and crankshaft 

A combustion chamber of a slightly-tilted bath tub form 
is employed, while the piston crowns are flat. The tn plated, 
cast aluminium alloy pistons are of the slipper type, with 
steel struts to control expansion. Each piston has two 
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«in wide compression rings, with coated rubbing surfaces, 
and one 7s in oil-control ring. A weight of 146 oz is 
quoted for the bare piston. The gudgeon pin is 0-80in 
diameter and is secured by pressing it into the connecting 
rod. 

The connecting rods are of conventional two-bolt design 
and are of forged steel. Their centre-to-centre length is 
4:72 in, and the bare weight of each is 13-730z. Moraine 
Products Division supply the big-end bearings and the main 
bearings, which are steel-backed, with a sintered copper- 
nickel matrix and a thin lead-base white-metal overlay. 

There are six 1-800in diameter separate crankpins and 
four 2-0983in diameter main journals on the forged steel 
crankshaft. The crankpins are arranged in pairs, each pair 
being set mutually at 180 deg, in a plane at 60 deg to that 
of the next. With this arrangement of crankpins in pairs, 
without main bearings between, it has been decided that 
counterweights are not necessary. 


Crankcase and cylinders 

The crankcase is of cast aluminium alloy and is, in effect, 
made up of two conventional three-cylinder crankcases 
bolted together at their sump faces. There are no main- 
bearing caps, the bearings being clamped between the 
halves of the crankcase. Nor are there any separate cam- 
shaft bearings, since the camshaft runs directly in the 
aluminium crankcase. A rectangular, cast aluminium cover 
is bolted to the top of the crankcase assembly and a shallow 
sheet-steel sump is bolted to the bottom. The front cover 
of the engine, again designated in the conventional sense— 
it 1s, in fact, toward the rear of the car—contains the 
distributor and oil pump drive, and incorporates mounting 
faces for the fuel pump and oil filter. Each half of the 
crankcase has three machined openings, into which the 
lower ends of the cylinder barrels fit. 

Both ends of the individually cast, iron cylinders are open, 
and 14 fins are, of course, integral. These cylinders are 
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mounted 4-85in apart on the crankcase, and are secured 
by long studs which pass through the cylinder head. The 
two aluminium alloy cylinder head castings are held in 
place by four long, waisted studs per cylinder, or 12 studs 
per head. Two of these studs on each cylinder have 
extensions to secure the self-aligning rocker arms. Each 
head has seven continuous, all-round fins and there are 
eight additional fins at each exhaust port. A short steel 
tube is pressed into each exhaust port and extends down- 
ward into the cast iron exhaust manifold, into which it is 
sealed by a triangular-section ring. Each exhaust manifold 
is secured to the cylinder head by three sheet-steel clamps 
The single exhaust silencer is mounted on the engine. Cast 
nickel-steel valve seat inserts are pressed into the intake 
ports, while cast chromium steel inserts are pressed into 
the exhaust ports. The 14 mm sparking plugs are mounted 
on the upper side of the head, along the top outer edge of 
which is cored the intake’ manifold. 


Valve gear and fuel system 

The valves are conventional in design and have 45 deg 
seats. They are actuated by means of self-adjusting 
hydraulic tappets, hollow steel push rods with spun-over 
spherical ends and pressed steel rocker arms. No rocker 
shaft is used and a spherical spacer and self-locking nut are 
provided with which to set the initial position of the self- 
adjusting tappet pistons. Oil is fed through drilled galleries 
in the crankcase and thence through the tappets and push 
rods to the rocker arms. It 1s returned to the sump through 
the iubes that house the push rods 

Four bearings carry the cast iron camshaft, which is 
driven by a pair of gears, that on the crankshaft being of 
steel and meshing with a cast aluminium gear on the 
camshaft. While the inlet cams are conventional, the 
exhaust cams have to be placed very close together so only 
three are used, each of double width. The valve timing is 


inlet opens 15 deg B.T.D.C. and closes 37 deg A.B.D.C; 
exhaust opens 59 deg B.B.D.C. to 13 deg A.T.D.C; the 
overlap is thus 28 deg 

Each of the two inlet manifolds is served by a single 


Rochester Products, 1} in carburettor, specially developed 
for this engine. Air, drawn through one oil-wetted air 
cleaner, reaches the carburettors through two reinforced 
rubber hoses. An interesting feature is that the single 
automatic choke is placed in the short tube through which 
air goes to the air cleaner. The mechanical fuel pump 1s 
mounted on the front cover of the engine and ts driven by 
a push rod and eccentric on the crankshaft. Thus, it is 
driven at iwice the usual speed and, for this reason, has a 
relatively short stroke. To avoid vapour lock, the pump is 
mounted outside the engine cooling duct 


Lubrication and cooling 

The gear type oil pump is conventional in design, except 
in that its body is a part of the aluminium front cover 
It is driven by the shaft that also drives the distributor 
Oil is drawn from the 3} quart sump through a large fixed 
screen and is pumped through passages, formed between the 
crankcase and the front cover, to the full-flow oil filter—a 
by-pass valve permits oil to flow past the filter, should the 
element be clogged. If the oil is warm it then flows through 
an oil cooler in the cooling air duct, otherwise the oil cooler 
is by-passed by a thermostat valve until the temperature 
reaches 160 deg F. 

From the cooler, the lubricant flows through two drilled 
galleries in the crankcase to the tappets and valve gear and, 
through other drilled passages, to the main and camshaft 
bearings. The connecting rod big-end bearings are served 
through holes drilled in the crankshaft. For ventilation, 
the crankcase is fitted with a simple oil separator and a tube 
which extends downward from the crankcase. Apart from 
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this tube, the crankcase is sealed, since it is felt that, with 
the rapid warm-up of an air-cooled engine, fresh-air 
ventilation is not needed to prevent condensation. 

Cooling air is drawn in through an 1] in diameter cenitri- 
fugal blower, mounted with its axis vertical above tne 
centre of the engine. This arrangement affords excellent 
distribution of the air with simple ducting. The impeller 
is driven by means of a V-belt, at 1-58 times engine speed, 
and delivers 1,800 ft°'/min of air at an engine speed of 
4,000 r.p.m. Above the driving pulley on the front end 
of the crankshaft, the two strands of the belt are turned 
through a right angle by two pulleys: one is on the 12-volt 
dynamo, which is mounted more or less at right angles to 
the crankshaft, and the other is an adjustable idler. Since 
the blower and the dynamo thus have a common drive, 
failure of the belt will be indicated on the ammeter 

The blower enclosure forms part of a sheet-metal baffle 
that covers all of the engine out as far as the intake 
manifolds. Having passed the cylinder barrels and cylinder 
heads, the warm air is collected in ducts on each side of the 
sump and is discharged toward the rear of the car. All 
openings between the engine and the body are carefully 
sealed by a horizontal panel, to prevent recirculation of the 
warmed air. However, this seal is arranged so that the 
body can be lifted off the engine-gearbox-axle assembly 
without unfastening any sealing parts. An interesting 
feature of the cooling system is the provision of a thermo- 
statically-controlled air baffle in the blower intake. This 
baffle is shaped rather like a wheel rim, 74 in diameter by 
24} in wide, which is lowered towards the eye of the impeller 
unul the temperature of the air in the discharge ducts 
reaches 180 deg F. When this temperature is attained, the 
baffle is raised again by a Harrison bellows type thermostat. 

Considerable effort has been made to keep the engine 
quiet, by the use of a centrifugal blower, self-adjusting 
tappets, closely fitted, controlled-expansion pistons and so 
on. In addition, the panel between the passenger and 
engine compartments is insulated with a | in thick glass-fibre 
sheet on the side adjacent to the engine and a jin jute 
cover on the other side 


Comparison with the other compact cars 

It is of interest to compare, very briefly, the Chevrolet 
Corvair with the other two new American compact cars, 
the Chrysler Valiant and the Ford Falcon. All these cars 
are 70in wide, approximately 541in high, and from 180 to 


View showing the layout of the induction and air-cooling systems 





184 in in overall length. While the Corvair and the Falcon 
are said to weigh 2,275 lb, the weight of the Valiant is about 
2,600 lb. The Corvair is said to carry 40 per cent of its 
weight on the front and 60 per cent on the rear wheels, and 
it is claimed that this weight distribution does not vary 
greatly whether the vehicle is empty or laden. 

In comparison with the engine we have just described, the 
other two cars have power units that are thoroughly con- 
ventional, Both have water-cooled, six-cylinder in-line engines 
rated at 90 b.h.p. That of the Falcon is similar in layout 
to the British Ford six-cylinder engine; a point of interest is 
that the intake manifold, while outside the cylinder head 
water jacket, is cored in the head. The Valiant engine is 
conventional, but is tilted at 30 deg towards its right-hand 
side in the chassis. It is fitted with a spider type intake 
manifold, with very long branches, and has an a.c. dynamo. 


Closely associated with the Corvair engine are the gearbox 
and differential. Two types of gearbox are offered: one is 
a manually-operated, three-speed unit with ratios of 3-22:1, 
1-84:1 and direct-drive in third, and the second is the 
Powerglide automatic transmission consisting of a three- 
element torque converter driving a two-speed planetary 
gearbox, which has an overall maximum gear ratio of 4-73: 1. 
With either system, the axle ratio may be either 3-55:1 or 
3.89: 1. 

All in all, the Chevrolet Corvair, with its single unit body 
and frame and its light-weight, air-cooled engine mounted 
at the rear, represents a complete break-away from the 
somewhat hidebound American motor-car tradition. It will 
be interesting to see how it performs in owners’ hands and 
to what extent it and its two American competitors will stem 
the foreign invasion of the American motor car market. 


Translations of German Standards 


THE following is a list of German standards translated into 
English and published in February 1960: 

DIN UDC 

621-229 Tool and work holders—6319, HOLDING FIXTURES: 
spherical washers, comical seats, clamping bolt heads, conical counter- 
sinks, Fuly 1944X 

621-5 Regulation, servicing—950, 
type, hub bored round, March 1959 
621-72 : 629.11 Lubrication devices for land and road 
vehicles—71412, AUTOMOTIVE ENGINEERING : lubricating mipples, 
September 1950X 

621.3.5.626 Bushings—42531, POWER TRANSFORMERS: bushings 
for indoor and outdoor use, voltage rating from 10 to 30 kV, 200 A, 
July 1959 

621.316.541 Plug-and-socket devices—416022, JACK PANELS 
WITH BLADE CONTACTS, SMALL TYPE: principal dimensions, June 1959 
621.643.2 Pipes, conduits—2448, SEAMLESS MILD STEEL PIPES 
FOR PIPELINES AND CONSTRUCTION, JANUARY 1940.X 

621.78 Heat treatment of metals, furnaces—17014 HEA! 
TREATMENT OF IRON AND STEEL: technical terms, October 1959 
621.822 Bearings—5402, ROLLING ELEMENTS: Sheet 1, cylindrical 
rollers, short rollers, August 1942; Sheet 2, long rollers, August 1942; 
Sheet 3, for anti-friction bearings; needles, February 1957 

621.824 Shafts—5472, MACHINE TOOLS: spline shafts and spline 
bore profiles with 6 keys, internal centring, May 1952 

621.882.082 Screw threads—259, WHITWORTH PIPE THREAD: 
Sheet 1, parallel internal and parallel external thread, nominal 
sizes, May 1959; Sheet 2, tolerances, preliminary standard, May 
1959; Sheet 3, limits, preliminary standard, May 1959 

667.6 Paints and varnishes—55928, PROTECTIVE COATINGS FOR 
STEEL STRUCTURES: rules, Fune 1959 

667.6 : 620.1 Testing of paints and varnishes—53213, TESTING 
OF MATERIALS FOR SURFACE COATINGS AND SIMILAR PRODUCTS 
CONTAINING SOLVENTS: determination of the flash point in the closed 
crucible, February 1958 

669 Metallurgy—1 353, SYMBOLS FOR SECTIONS, BARS, SHEET AND 
PLATE, STRIP AND SIMILAR MATERIAL, SEPTEMBER 1959 

669.13 .15 Cast iron, steel—1651, FREE CUTTING STEELS, QUALITY 
STANDARDS, AUGUST 1954. 1691, GREY CAST IRON, UNALLOYED AND 
LOW-ALLOYED, NOVEMBER 1949. 

669.14-41 Sheets, strips—1543, MILD STEEL ROLLED: steel plate 
over 4°75mm (heavy plate), dimension and weight variations, 
July 1959. 41301 ELECTRO SHEETS: magnetic materials for trans- 
formers, May 1954 

669.14-42 Sections, profiles—1025, sTEEL SECTIONS: Sheer 1, 
hot-rolled narrow I-beams, I-range, dimensions, weights, static 
properties, Fuly 1959; Sheet 2, hot-rolled wide I-beams (1-section 
wide flange beams), I PB-range and I B-range, dimensions, weights, 
static properties, FJuly 1959; Sheet 3, I PBl-range, light pattern, 
dimensions, weights, static properties, Fuly 1959; Sheet 4, I PBv- 
range, heavy pattern, dimensions, weights, static properties, Fuly 
1959; Sheet 5, hot-rolled medium-width I-beams, I PE-range, 
dimensions, weights, static properties, July 1959 


HANDWHEELS: offset-arm 
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1026, STEEL SECTIONS, BARS, hot-rolled rounded-edge channels, 
dimensions, weights, static properties, Fuly 1959. 1027, STEEL 
SECTIONS, BARS: hot-rolled rounded-edge Zeds, dimensions, weights, 
static properties, July 1959. 1028, STEEL SECTIONS, BARS: hot-rolled 
rounded-edge equal angles, dimensions, weights, static properties, 
July 1959. 1029, STEEL SECTIONS, BARS: hot-rolled rounded-edge 
unequal angles, dimensions, weights, static properties, Fuly 1959. 
1612, MILD STEEL, ROLLED: steel sections, bars and wide flats, 
March 1943.X. 59200, HOT-ROLLED WIDE FLATS: dimensions, 
permissible variations, weights, September 1959 
669.2 .8 Non-ferrous metals—1725, ALUMINIUM 
Sheet 1, wrought alloys, May 1958 
677.052 Spinning, twisting, doubling machines and acces- 
sories—64045, RING SPINDLES WITH PLUGS FOR LIGHT AND HEAVY 
WARP TUBES ACCORDING TO DIN 64063, JULY 1950. 64063, LIGHT 
AND HEAVY TUBES FOR RING SPINDLES ACCORDING TO DIN 64045: 
tube gauges, Fuly 1950 
677.054 Warping, weaving machines, looms—64550, LOOMs: 
designation of inter-related dimensions, standard widths from 800 to 
3,500 mm, August 1957 
678.5 .8-4: 620.1 Form and shape of products, testing— 
53358, TESTING ARTIFICIAL LEATHER: determining the area weight 
of an artificial leather cloth coating, October 1957. 53382, PLASTIC 
FOILS AND ARTIFICIAL LEATHER: effect of flame test on one side, 
swivel burner method of testing, October 1957 

Other lists of translations, as they become available, can 
be obtained free of charge from the Beuth-Vertrieb GmbH, 
Berlin W15, Uhlandstr. 175, Germany. So far, 820 English 
translations have been made: they are prepared by a special 
department of the German Standards Committee. 


ALLOYS 


Heavy-Duty Grease Pump 

HEAVY lubricants and bituminous materials can be de- 
livered under high pressure by the Hercules grease pump 
introduced by Centralube Ltd., Eley Estate, Edmonton, 
London, N.18. This pump is foot operated and can deliver 
at pressures of up to 15,000 lb in*; a handwheel is screwed 
down every 20 to 40 applications, to ensure full charging 
of the pressure chamber. The output per stroke may vary 
slightly with the type of grease, but it is 2:3 gm in the case 
of a grease of penetration 250. 

By virtue of its high-pressure delivery, the Hercules 
pump should be equally suitable for chassis and machine 
lubrication, particularly where long pipelines are involved. 
Since it can be used with positive dividers in the delivery 
line, it can be regarded as an intermediate stage between 
the individual type of grease gun and a centralized lubrica- 
tion system. The pump is of compact dimensions, weighs 
just under 50 Ib and is fitted with wheels for ready mobility. 
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SMITHS 


Tims automatic transmission unit is unique by reason 
that its main components are two dry-particle, electro- 
magnetic couplings. The principle of this type of coupling 
was first postulated, and demonstrated in the laboratory, by 
Jacob Rabinow in the U.S.A., and was subsequently 
patented. Original development work to utilize the prin- 
ciple in clutch units for commercial application was carried 
out by the Eaton Manufacturing Co. of Cleveland, Ohio 
S. Smith and Sons (England) Ltd. later acquired from the 
Eaton Manufacturing Co. the exclusive patent rights for 
this type of coupling in all countries with the exception of 
North America. Over a number of years Smiths have 
conducted further basic research on the principle and have 
undertaken intensive development of practical units for 
industrial and, particularly, automobile application. 

Many prototype installations of automatic and semi- 
automatic transmissions have been made for exhaustive 
testing and investigation, and a vast amount of operating 
experience has been accumulated in running many hundreds 
of thousands of miles on road and track. A description of 
the design and functioning of a typical Smiths automatic 
transmission has already been published*. All references 
and illustrations in the present article relate to the version 
specifically “tailored” for the Hillman Minx “Easidrive” 
model, currently available as an option. The car manufac- 
turer supplies the mechanical three-speed gear unit and 
bell housing and at Smiths Witney factory, the magnetic 
coupling unit, together with a solenoid and wiring harness, 
is fitted to the gearbox. The assembly is then tested and 
passed out as a complete transmission. The other items 
making up the complete transmission system that are 
produced at Witney include the control unit, governor and 
selector switch. 

** Automobile Engineer,’ September, 1957 
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AUTOMATIC 


Production of Units for the Hillman Minx *Easidrive” Model 


TRANSMISSION 


As might be expected, tooling, machining and assembly 
methods utilized in the production of such a novel 
mechanism differ markedly from those employed in the 
manufacture of more conventional units, and present a 
number of features of interest. The main rotating members 

driving and driven elements—are held to close dimen- 
sional tolerances and a high standard of surface finish is 
maintained. Balance is of prime importance, both in the 
case of individual components and also collectively after 
assembly. 

These parts are press forgings and drop forgings in 
En2A/1, having the low carbon content—maximum 0-15— 
specifically necessary to ensure a good magnetic per- 
meability with low remanence. They are fully annealed and 
are cleaned by shot-blasting. Rough machining and finish 
machining is carried out on a battery of Miller PF350 
multi-tool and copying, face-turning lathes,’ with 18/30 kW 
and 7/10 kW two-speed motors respectively. Each is 
equipped with the maker’s “Eltropilot” programming and 
control system to give completely automatic operation. 
Speeds, feed rates, and all machine movements are planned 
and sequenced and then set up on a plugboard. For repeat 
settings a punched programme board can be overlaid on the 
plugboard to mask unwanted sockets. 

Trips on the machine are carried on demountable plates 
and can be set up in the toolroom. These may be stored 
ready set-up for repeat operations. Final positioning when 
setting up the machine is by micrometer adjustment of the 
trip switches. Tooling also can be set up away from the 
machine and the multi-tool blocks finally adjusted for 
position on the T-slotted cross-slide table. Changeover of 
setting from one job to another is effected by a single 
machine setter in 3-4 hours for light tooling and 4-6 hours 
for heavy tooling, under all normal circumstances. 
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Muller multi-tool set up for roughing front driven member 


Al! longitudinal, transverse, and combined 45 deg move- 
ments of the cross-slide table are controlled by the “Eltro- 
system but for other, shaped surfaces on the work- 
ittachment mounted on the cross-slide is 
instances—roughing the front driven 

two copy tools are used. With the 
excepuon of the drill, all cutting tools are carbide 
tipped and ground with a front angle of 10 deg and up 
to 20 deg top rake. Clamped tool bits are used wherever 
possible, to obviate loss of time in regrinding and setting. 
Mainly they are of the throwaway-bit type but some are of 
the band-clamped, regrindable-slug pattern. Band-clamping 


pilot’ 
piece 4 copying 
employed. In 
member, for example 
core 


some 


types are used specifically to facilitate setting-up of tools 
for copying operations where accurate replacement is 
essential. Sandvik Coromant grade S4 is chosen for 


roughing and SIP grade for finishing and copy turning 
For some roughing operations, in which heavy cuts may be 
experienced, and also some finishing operations, Ringspan 
chucks are employed instead of jaw chucks. 


Machining operations on Miller lathes 
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Left: rough turning front driven member 


Finishing rear driving member on Muller programmed multi-tool lathe 


The rear driving member provides an example of finishing 
operations on a Miller machine. A multi-tool set-up is 
used to finish the outside diameter and the main bore to 
limits of 0-002in, face the end square to 0-001 in, and 
chamter the entry. The copying head used for finishing 
the outside diameter is provided with a means for 
independent adjustment on the tool slide. 

Another ring-type workpiece. though not a rotating one, 
is the central member of the stator which is registered in 
and bolted to the bell housing. This is the largest and 
heaviest component to be finished on the Miller lathes, 
being approximately 10, in diameter «3,6 in wide. It is 
held on the outside diameter in a three-jaw chuck, with 
the jaws extended by pads which serve as back stops. The 
operating speed is 405 rev/min giving linear speeds of 
1,200 and 1,100 ft/min on excernal and internal registers 
respectively, and the feed rate is 0-006 in/rev. 

The outer register and face is 1 copying operation, using 


a Sandvik Coromant, Fl grade, band-clamp tool. All 


Right: finish boring and turning rear driving member 
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Canning semi-automatic, 
multi-unit, hard chrome 
plating plant 


boring is done with a cluster-type bar fitted with Herbert 
Microbore tools and chamfer tools, to a total of six. Micro- 
ire tipped with the new hard grade of A.C 
2 deg top rake. 


bore tools 
carbide, ground with a 

In the stator and the driving and 
numerous holes are required; some clearance 
tapped. Drilling is performed on a Corona 21A power-feed 
machine fitted with one of several Mulhead multiple drill 
head and work fixtures. The work is located on the base 
of the fixture with two pin registers and a radial position 
pin, and the drill plate, sliding on vertical columns, is spring 
pressed on the component as the drill head descends. A 
changeover of multi-head and location fixture for work on 
a different component can be effected in 60 to 90 minutes 
Alongside each drilling machine is a Kerry single-spindle, 


members 
and some 


driven 


Eltropilot’’ plugboard for programming Muller multi-tool machines 


SAVARD 
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h is used to deburr clearance holes 


sensitive feed drill which 
and chamfer tapping holes. This work is performed by the 


drill operator during the multiple drilling cycle ume 

For tapping these Huller No. 5, pitch-control 
machine, with a motor auto-reversing on a trip switch, is 
equipped with a Mulhead multi-spindle head. The work 
table of the fixture is slid manually on guide rods to a stop, 
locked at the working position, and retained by a Speetog 
Location of the component on the table is by four 


hole >, &@ 


clamp. 
pin registers and a radial position pin 
Precision boring und turning of the hub 
rotating components is done on New Britain, two-spindle, 
fine-boring and turning machines. Components are held 
in three-jaw, air-operated chucks and each setting is checked 
for concentricity to within 0-001 in total indicator reading 


centres of 


Tapping rear driving member on Huller pitch-control machine 
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Typical operations on New Britain fine boring and turning machines 





A tooling layout drawing shows the fine-turning, facing, 
and grooving operations on the front driven member, with 
the spigot to receive the inner race of a ball-bearing held 
to a tolerance of 0-0005in on diameter. Tool holders are 
pivot mounted and furnished with a micrometer adjustment. 
The lever ratio is 5:1, giving a tool movement of 0-0002 in 
for each graduation on the dial. A pair of driven members, 
front and rear, with different machining dimensions is 
handled at a single setting, and with spindle speeds of 
1,180 rev/min the floor-to-floor time for a pair of com- 
ponents is 51-6 seconds. Aur-mist cooling is provided to 
obviate the possibility of thermal distortion of the work, 
and all diameters are checked on Solex air gauges. 

Other examples of work performed on these machines are 
illustrated. The rear driving member, chucked on its inner 
diameter and concentric within 0-003in, is bored to a 
tolerance of 0-0009in on diameter for the outer race of a 


New Britain machine fine boring front and rear driving members 





Left: front driven member 
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Centre: rear driving member. Right: rear bearing hud 


ball-bearing, and faced parallel with the location face within 
0-001 T.ILR. Spindle speeds are 1,181 rev/min and the 
floor-to-floor time for two components is 80-6 seconds. A 
smaller component, the flanged, registered, rear bearing 
member, is held concentric with the spigot diameter to 
within 0-001lin T.I.R. Bored and turned diameters are 
machined with tolerances of 0-001 in and faces in two planes 
are held square with the axis. Total time for two com- 
ponents is 41-5 seconds, giving a gross production rate of 
173 units per hour. 

The main interfaces of the four rotating members are 
hard-chrome plated in a Canning semi-automatic plant 
located adjacent to the machining area. A _ continuous 
coating is applied to the specific surfaces; the thickness of 
the coating being 0-0005-0-001 in on the driven members 
and the rear driving member and 0-001-0-0015in on the 
front driving member. Components are first degreased in a 


Governor annulus and pinions are cut on a Sykes hobber 
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Toothed annulus and planetary pinions for governor unit 


Moulded assembly of governor permanent magnet and moving contact 





Kummer _ twin-head, semi- 

automatic lathe for the high- 

speed machining of small 
components 


trichlorethylene bath and are then jigged in pairs. A coating 
of glycerine and French chalk is applied to the surfaces to 
be plated before the components are waxed in a two-stage 
process by being given a hot dip and cooling and repeating 


the operation. The treated surfaces are then stripped of 
the wax, scoured with pumice, wire-wool, and cloth, and 
etched in a chromic acid bath for one or two minutes. Parts 
are then transferred immediately to the plating bath for 
periods of 30-35 min or 45-50 min according to the 
thickness of coating required. 

There are five plating units in the plant, each capable of 
handling ten of the main rotating components. Each unit 
can be individually controlled and current is held to 
126 amp. Trivalent build-up is countered by periodic 
changeover of the use of individual plating units from 
driving members (internal plating) to driven members 
(external plating). After plating, the components are given 
two successive dip-tank rinses and a final cold-water spray 
rinse. Incidentally, the drag-out solution in the rinse tanks 
is utilized for topping-up the plating tanks. Components 
are then immersed in boiling water to remove the wax, 
which is floated off and collected for re-use. When cooled, 
the parts are de-jigged and finally cleansed by a vapour- 
fluid trichlorethylene treatment and drained. Thickness of 
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coating is non-destructively checked by a Solus-Schall 
electronic instrument. 

Smaller components requiring hard chrome plating are, 
of course, batched in numbers greater than ten. The 
governor plate, for example is handled with 24 mounted on 
a single jig. 

All electrical components are made in the Witney factory, 
except for the relay which, however, will in future be also 
made there. Numerous small mechanical items are produced 
in a light machining section. The governor annulus, which 
carries the high-speed contact, may be cited as an example. 
Pierced and blanked from phosphor bronze strip, it is 
planished and then, on a Newall Rigidlap machine, is lapped 
to thickness. The centre hole is bored, and then the 
internal gear teeth are cut on a Sykes hobbing machine 
which is also used for the three small complementary 
planetary pinions 

Many instances occur of small components fabricated 
from pressed parts and then machined to final dimensions. 
This practice reflects the abundant press capacity of the com- 
pany and its wide experience in the production of presswork. 
A cup-shaped solenoid housing is a deep drawing in steel, 
with a pressed steel flange projection-welded in position. 
On a Herbert No. 5 Preoptive turret lathe, this fabrication 
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Driven member assembled with Borg and Beck spring centre 


is faced internally on the base and the open end is faced 
and screwed. The solenoid coil tube is pressed into an end 
check and rolled into a groove to secure by a capstan lathe 
operation. On the solenoid end plate a boss to receive the 
coil tube is knurled. After the knurling operation, 0-010 in 
is skimmed off to remove the high points of the knurled 
surface. This provides a greater contact area and a more 
secure lock when the tube and plate are press-assembled. 

On the governor annulus a contact pillar with a knurled 
stem is given an insulated mounting with a nylon bushing 
in the serrated hole. The press-assembly of these parts is 
jigged to ensure the precise height and radial position of 
the contact. Other components are of composite construc- 
tion with metal parts moulded in plastics material. Such 
items are produced on Bradley and Turton moulding 
presses, tooled for accurate location of the inserted metal 
parts. An example is the sintered, ring-type, permanent 
magnet assembly for the governor unit; the core and flange 
are of plastics material and the moulded-in contact pillar 
is formed of an extruded metal section. 

For machining the die cast aluminium end cover of the 
governor unit a Swiss-built Kummer semi-automatic, twin- 


Clamping fixture for the concentric assembly of the rotating members 





spindle, front-turning lathe is used. This machine has 
individual, two-speed, motor-drive and control to each 
spindle and positive, cam-actuated, spring-returned tool 
carriages. Chucks are air operated, with pedal control 
valves. Spindles are tooled-up to machine different sides of 
the component and a semi-skilled operator merely unloads 
and reloads at one station while the other is machining and 
then repeats at the other station when the cycle is com- 
pleted. Running at the lower spindle speeds of 900 rev/min, 
a cover is machined on both sides in 32 sec. 

Other items precisely finished on the Kummer lathe are 
the carrier plate for the governor planetary pinions and the 
solenoid end cheek. The governor magnet assembly 
mentioned earlier is recessed on the plastics flange to 
provide a reference face for the drilling of the contact pillar. 
Incidentally, on these small components, all tapped holes 
in non-ferrous materials are drilled appropriately oversize 
to normal and tapped with Harris fluteless taps. These 
tools have been proved to have a longer effective working 
life, and to be less susceptible to jamming and breakage, 
than conventional fluted taps. 

Assembly of the coupling unit commences with the fitting 
of Borg and Beck spring centre plates to the driven 
members. They are attached by 16 rivets that also secure 
the cover plate. The mating faces are coated with 
Goodyear Pliobond to keep out the magnetic clutch 
powder. Each member is then statically balanced on a 
Jackson and Bradwell machine, the maximum unbalance 
tolerated being 0-25 oz-in. On the other side of the 
member two labyrinth rings are fitted over a shoulder and 
secured by spinning in a Turner machine. They are again 
tested for balance, this time with a tolerance of 0-3 oz-in. 
unbalance. 

Driving members are then each fitted with two labyrinth 
rings, secured by spinning as before. Both driving and 
driven members are degreased by a vapour and liquid 
trichlorethylene treatment and subsequently a percentage 
check is made on these components on Hanovia fluorescent 
crack-detection equipment. In the rear bearing member 
a thrower ring is first inserted and over this the Hoffmann 
ball-bearing is pressed in, at a loading o* 1,000-1,200 Ib, on 
a Hi-Ton hydraulic press. An automatically operated valve 
on this machine lowers the working pressure to 500-600 Ib 
for the following operation in which the rear driven 
member hub is pressed into the ball-bearing. The depth 
of the assembly is checked, a circlip is fitted in the grooved 
end of the hub protruding from the ball-bearing, and the 
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Loading a measured charge of ferro-magnetic powder into 
rotor assembly 


coupling 


assembly is racked. Assembly of the front driving and 
driven members is similar, with the exception that the ball- 
bearing is retained in the driving member by a circlip 

The two driving members are registered one on each side 
of a division plate and bolted up to form a single rotating 
unit which is subsequently registered and bolted to the 
engine flywheel. Of symmetrical section, the division plate 
is provided with two labyrinth rings on each face, secured 
by spinning over the supporting shoulder as on the other 
members. To ensure concentricity, the assembly is carried 
out on a fixture that aligns the parts on their outside 
diameters. The rear sub-assembly is placed on the plane 


Indexing assembly rig for fitting stator 
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ind rotor elements of the coupling 


balancing of charged rotating assembly on Jackson and 
Bradwell machine 


Dynamic 


surface of the fixture and against a large, vertically arranged 
Division plate and front sub-assembly are added 
bolts are inserted. A _ presser block 


vee block 


and eight long set 


actuated by a toggle lever holds the parts into the vee block 
clamping them securely while the set bolts are torqued in 
pairs to a predetermined value by a Desoutter twin-spindle 


nut runner. 

The unit is then inverted and the rear hub centre, com- 
plete with oil seal ring, is registered in the driving member 
to secure the ball-bearing, and is bolted up with six set 
bolts. A check of concentricity is then made on the unit 
It is mounted for rotation on a fixture and readings are 


nto the Rootes gearbox and bell housing 











taken at four points on the outside diameter. Permissible 
tolerance is 0-003 T.I.R. Having passed this check, all the 
set bolts are locked up with twin tab washers. 

Next, the complete rotating assembly is dynamically 
balanced on a Jackson and Bradwell machine. When 
mounted, the inner, driven members are held stationary by 
a flexibly connected mandrel engaging the splined hubs of 
the two members. A balanced driving fitment is secured 
to the front end and at the rear the unit is supported on the 
bearing diameter of the driving member hub centre. The 
machine gives a direct indication of out-of-balance values 
at the front and rear ends of the assembly and also the 
angles at which they occur. If necessary, any correction is 
effected by drilling in the flanges of the appropriate driving 
members. To facilitate re-assembly the three components 
constituting the driving unit are marked for radial alignment. 

Extreme care is taken in the preparation of the powder 
charges for each coupling and the filling of the couplings. 
The ferro-magnetic powder is a chrome-iron alloy, sintered 
and processed to ensure consistency in particle size and 
shape. Both couplings receive an identical charge of 
67 grams of powder from which all moisture has been 
excluded. Charges are weighed out, to an extremely close 
tolerance, in a temperature and humidity controlled room 
and stored in tightly corked test tubes. The powder is 
carefully introduced into the driving member of the 
coupling through a hole which is then closed by an 
aluminium plug. Both the plug and the attachment studs 
were, of course, fitted before the balancing was carried out. 
Finally, the completed and charged coupling unit is given 
an amnti-seizing, anti-corrosion spray of molybdenum- 
disulphide over the entire external surfaces. 

Three members, the central body and two end cheeks, are 
registered together and secured by socket screws to form 
the stator, which is registered in the coupling housing and 
held to the rear face by set bolts. The field coils are housed 
in the annular cavities in the assembly, each coil being packed 
with three undulating springs. Secured by screws to the 
front end cheek is a baffle ring which overlies the edge of 
the flange of the front driving member. Its purpose is to 
prevent burrs or metallic debris that might be detached 
from the starter ring gear gaining ingress to the interfaces 
of the stator and the driving assembly. The stator assembly 
is sprayed on its inner diameter with molybdenum- 
disulphide. 

Completed stator and rotor units are loaded alternately 
on to an overhead drying and storage conveyor and trans- 
ported to the rig on which they are assembled with the 
Rootes gear unit. The gearbox with its bell housing and 
rear extension, is received with a blanking cover closing the 
bell and a slave cover over the solenoid armature and 
aperture. After the covers have been taken off, the unit is 
mounted on the fixture, being located on the crankcase 
dowels, and supported at the rear. An air hoist is used to 
lift the stator from the conveyor and transfer it to the 
receiving table on the fixture. There, a capstan-operated 
carrier picks up on the stator bore. After indexing the 
fixture through 120 deg to align with the bell housing, the 
stator is fed into the bell by means of the capstan. Leads 
from the stator coils are threaded through an aperture in 
the bell. When in position, the stator is drawn up to a 
shoulder on the rear of the housing and fixed by set bolts. 
These bolts also hold a clip for the electrical leads which 
run under the box to the solenoid. 

The fixture is again indexed and the unit advanced to 
locate on the dowelled centre. Here, a check of concen- 
tricity is made. Readings are taken on the three elements 
of the stator assembly, the tolerance of eccentricity being 
0-005 T.I.R. After a further indexing movement, the rotor 
assembly is fed into the stator. Various items of control 
equipment are fitted and adjusted on the gearbox. Leads 
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from the stator coils are fitted, two are earthed on the stator 
and two to different-sized terminals which receive tags from 
the bottom harness. These connections are fitted with the 
waterproof cover. The solenoid leads are taken to contacts 
which are enclosed by 2 metal cover. A rubber boot fitted 
over the cover is sealed by a Jubilee clip. 

Every ge2r and coupling assembly is given a functional 
test on a specially developed test rig. A slave flywheel, 
complete with jaw clutch to take the drive, is fitted to the 
coupling. The complete assembly is hoisted and mounted 
on the test bed, located on the crankcase dowels. The 
harness is plugged in from the electric control unit of the 
assembly to the control console. The drain plug is removed 
from the gearbox and a connection is made through which 
an intermittent, pulsating, oil supply is delivered into the 
box. This method saves time that would otherwise be 
occupied in filling and draining the box. 

A 75 h.p. constant-speed A.C. motor drives the trans- 
mission unit, which is coupled to a Heenan and Froude 
dynamometer, at 3,000 rev/min throughout all tests. Control 
of the unit on test is from a remotely sited console. A run 
of one minute duration is made to distribute the powder 
in the couplings. Then, first, second and third gears are 
selected followed by a run through third, second and first 
gears. Next, third speed is selected with a limited torque 
on the front clutch, followed by the selection of second 
gear with a limited torque on the rear clutch. During these 
latter tests each cluch is checked for torque capacity, which 
must lie within certain predetermined limits. Finally, a 
check is made in the de-energized condition to ensure that 
the drag on each clutch is at an acceptably low level. 
Under normal conditions, the approximate time for a full 
check is from 6 to 8 minutes. 

On leaving the test bed, any necessary adjustments are 
made to the front coupling. Should this component have 
too high a torque capacity, a carbon resistor is inserted in 
the feed to earth. If the torque capacity is too low, the 
test has failed and the unit is taken back for rectification. 
The slave flywheel is removed and the blanking plate is 
replaced. A guard to protect the solenoid from debris 
thrown up from the road is fitted and various apertures are 
closed. For road transport back to the car manufacturers, 
three transmissions are carried in each wooden pallet. 





Strathclyde PA-10 Primer for Aluminium 


BECAUSE of its smooth surface, aluminium is a relatively 
difficult metal to paint. Its natural lack of “key” has 
always presented a problem of adhesion. In the past, 
various methods of improving adhesion of the primer coat 
have been used. The surface of aluminium has been etched 
by one of the pre-treatment processes or roughened by the 
vigorous use of an abrasive. Chemically active primers 
replaced these expensive methods but, because of the 
chemical effect of etching acid on varnish mediums, most 
of the primers offered were of the two-can type. 

One of the first etching primers to be produced ready for 
use in a single can was the outcome of extensive research 
conducted by Federated Paints Ltd., of Dobbies Loan, 
Glasgow, C.4, and the latest version of this product is 
known as Strathclyde Etching Primer PA-10. For this, no 
special preparation of the metal surface, other than normal 
cleaning, is necessary. A single coat of PA-10 will give an 
adhesion of over 3,0001b/in?. In addition to possessing 
this remarkable adhesion, the primer is fully pigmented and 
provides an effective barrier against corrosion and weather- 
ing of the aluminium surface. Even after long periods 
the primer still provides a solid foundation for the 
reception of subsequent coats of any normal paint system. 
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GRINDING 


BIG-END BORES 


Vewall-Keighley Automatic-cycle Internal Grinder for High-rate Production of Connecting Rods 


Basicarty, this heavy-duty, fully automatic machine, 
incorporating both gauging and diamond sizing mech- 
anisms, is designed for grinding holes of from 0-25 in 
to 6-0 in diameter. On the model AK illustrated, specifically 
intended for grinding connecting-rod big-end bores to 
receive the bearing bushes, the drawbar chuck supplied for 
general-purpose duties is replaced by a special workholding 
fixture designed to ensure the absolute parallelism of small- 
end and big-end bores. 

Mounted for endwise location on the T-slotted table, the 
wheelhead is generously proportioned to accommodate 
interchangeable wheel spindles to cover a wide range of 
speed requirements. Spindle drive from a 3 h.p. motor 
running at 3,000 rev/min is by an endless cotton belt, 
adjusted for tension by a jockey pulley. The table slides 
on automatically lubricated vee and flat guideways and, in 
addition to a rapid traverse rate of 420 in/min, independent 
and adjustable speeds are provided for roughing, finishing, 
and wheel dressing. Together with traverse speed, these 
are controlled by grinding and dressing dogs and an 
adjustable cam mounted on the front of the table. Minimum 
and maximum table strokes are 0-031 in and 6-0 in 
respectively. 

The workhead carrying the workholding fixture is 
mounted on the feed cross-slide and also accommodates the 
gauge sizing mechanism. A 3-0in bore flanged spindle 
runs in Gamet high-precision, double-row, taper-roller 
bearings, and work speeds up to 1,000 rev/min are available. 
To minimize slowing-down time, a D.C. injection brake is 
incorporated, and built into the spindle is a hydraulic 
fixture-operating mechanism with a 2:0 in maximum stroke 
and adjustable pull or push pressure. The maximum power 
cross feed is 0-042 in on diameter, and one revolution of the 
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handwheel control gives an infeed of 0-10in on diameter. 

Entirely independent of table traverse, the continuous 
cross feed is operated by a cam and roller mechanism, and 
is positioned by a screw and nut. This screw also 
serves to compensate automatically for wheel truing. The 
hydraulically operated feed cam controls both rough and 
finish grinding rates, and is automatically locked during 
the dressing feed stroke. A range of cycles to meet require- 
ments is obtainable by adjustment of the feed controls, and 
automatic feed may be applied or disengaged during the 
grinding cycle. 

Also hydraulically operated are the double-gauge sizing 
system and the wheel-dressing attachment. To correlate 
travel of the diamond with movement of the table, advance 


(Above) View of the special 
workholding fixture, wheel- 
head, and wheel dresser 


Newoall-Keighley AK = internal 

grinding machine arranged for 

the rapid production of connect- 
ing rod big-end bores 





of the dresser arm is controlled by a servo-mechanism 
actuated by a cam on the machine table. A micrometer 
adjustment is provided for the dresser. 

After initial setting-up, the machine is controlled by 
manipulation of a single lever. The worktable advances at 
rapid traverse speed until the grinding wheel enters the 
bore, then the rate is reduced to grinding speed and the 
table reciprocates on a stroke adequate to traverse the entire 
depth of the bore. At this stage, roughing feed begins and 
is continued until a predetermined diameter is reached and 
the appropriate gauging member is able to enter the bore. 

Continuing the automatic cycle, the wheel backs off, then 
retracts from the bore, and the table speed is reduced to 
that for dressing as the grinding wheel approaches the 
diamond position. To ensure that the wheel is fully trued, 
dressing takes place during both outward and inward 
strokes. On completion of dressing, the diamond withdraws, 
the wheel re-enters the bore and regains contact. Table 
reciprocation continues at a lower speed, fine feed is 


engaged, and the finish gauge enters the bore as finish size 
is attained. Then the gauge withdraws, the wheel backs off 
and leaves the bore, the feed dial retracts, and the table 
returns to the loading position. Compensation for wheel 
wear is effected automatically at the termination of each 
grinding cycle. 

An indication of the output potential of the machine is 
given by the following production times maintained under 
normal working conditions. They relate to components 
bored concentrically and requiring 0-014 in stock removal : 

Bore finish diameter 2-394—2-395 in 


Bore depth 1-515 in 
Rough grinding 15 sec 
Wheel dressing 7 sec 
Finish grinding 7 sec 
Loading and unloading 25 sec 


Newall-Keighley grinders are manufactured by Keighley 
Grinders (Machine Tools) Ltd., and are marketed by 
Newall Group Sales Ltd., of Old Fletton, Peterborough. 


Protective Packing 


Special Material and Methods Used for \andervell Thin-wall Bearings 


ry 

| HIN-WALL bearings present a difficult packaging 
problem. On the popular copper-lead-indium tearing, for 
example, the vital layer of indium may be less than 0-001 in 
thick. Special care must be taken to ensure that no super- 
ficial damage occurs during transit or storage. The method 
adopted by Vandervell Products Ltd., for their larger bear- 
ings, 1s of interest and is applicable to the packaging of other 
precision components. The material used is Carbion, made 
by Spicers Ltd., at Loughton, Essex, by passing strawboard 
through heated rolls. A permanent three-dimensional 
pattern is imparted, as shown on the left of the illustration, 
and the resulting material possesses a certain resilience. 
If the delivery of strawboard from the machine is restricted, 
the pattern is telescoped into closer ridges, as shown at the 
right. In this form the material can support considerable 
loads without flattening, and it can also be stretched. This 
feature is exploited by forming the flexible material into 
tubes or sleeves and by pulling them over the components 
to be protected. 

Vandervell use flexible Carbion sleeves heavily impreg- 
nated with a beeswax compound. Bearing half-shells are 
first dipped in molten beeswax, a basket of bearings being 
allowed to soak at about 200 deg F, so that the wax drains 
off cleanly, leaving 2 smooth, thin, adherent layer. The 
shells are then individually inserted into the sleeves, which 
grip the outer circumference of each shell and span the 


excellent 


good 


ing halves, 
diameter 
nested so 





Stanaard Carbion (left) has 
cushioning and 
shock-absorbing properties 
Flexible Carbion (right) has 
crush-resistance and 
is stretchable 


Sleeves of flexible Carbion 
are stretched over the bear- 

bridging the 
The shells are 
that 
absorbed by stretching of 
the Carbion 


diameter. Shells are nested in cardboard cartons so that 
little space is wasted. In this way, any shocks suffered 
during transit are absorbed by stretching of the Carbion 
sleeve between the bearings, and the internal surfaces never 
contact other bearings or the packing material. 

This packaging system was first instituted for shipment 
of bearings to the manufacturers of Cummins diesel engines 
in the U.S.A. Measuring up to 4} in diameter, these bear- 
ings were difficult to protect because their weight caused 
high inertia loadings when subjected to shocks in transport. 
Since the Carbion system was introduced, not one case of 
damage has arisen, though more than one million bearings 
have been exported. The double beeswax protection 
eliminates the risk of corrosion during the long sea voyage, 
and is stated to ensure a safe shell life of about five years. 
« This simple and relatively inexpensive packing material 
has many possiblities in the motor industry. One of the 
most likely fields of application is in the making up of CKD 
shipments, where machined components and complicated 
pressings are nested in crates in considerable numbers. 
The standard resilient Carbion readily conforms to double- 
curvature shapes such as lamp reflectors, bumpers and body 
panels. Flexible Carbion sleeves are particularly suitable 
for the smaller, precision-machined or highly finished 
components. Apart from the protection afforded, the new 
system effects economies in space, labour, and materials. 


shocks are 
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THE 


SPIRAL-POINT DRILL 


1 New Form of Drill-point Geometry Developed by the Cincinnati Lathe and Tool Co, 


Apart from minor modifications there has been virtually 
no change in the form of the conventional twist drill for 
many decades. The spiral point, now fully developed by 
the Cincinnati Lathe and Tool Co., of Cincinnati, Ohio, 
U.S.A., represents a major advance. Research showed that 
several disadvantages of the conventional drill stemmed from 
the almost flat chisel point and that this point was the 
feature most nceding investigation and also most likely to 
yield worthwhile improvement in performance. It required 
a new conception of drill-point geometry to eliminate the 
chisel point and provide a relatively sharp spiral point 


A spiral-point drill in its standard 118 deg form (left) and the special! 
180 deg form for sheet metal work (right) 


Further, and scarcely less important, it necessitated the 
design and development of a machine to grind the new point 
accurately, symmetrically, and economically. Obviously, it 
could not be ground free-hand or on an orthodox drill 
grinder. 

Significantly, only the point is affected; the new point 
is formed on an otherwise standard, conventional twist drill. 
Thus use of the spiral-point drill does not necessitate change 
of equipment or of tooling set-up, although it offers the 
possibility of simplifying tooling or even eliminating certain 
operations. In comparison with a conventional chisel-point 
drill the spiral-point drill, it is claimed, has many advantages: 

1) Can reduce or eliminate centre punching, centre drilling, 
and guide bushing 

2) Has no tendency to wander, either on the surface of 
work or in the hole 
Produces a more truly circular hole that is closer to size 
Thrust and torque required are reduced, giving increased 
drill life and fewer breakages 
Cooler operation owing to less thrust, and consequently 
less risk of work distortion 

) Reduces the need for secondary 

chamfering or reaming 
Produces in sheet metal a round hole free of burrs. Has 
no tendency to bite into the work on the break-through 

As regards hole location, the ordinary chisel point presents 
a straight edge normal to the drill axis, and parallel to a 
flat work surface. Unless the drill point is ground precisely 
symmetrical it tends on rotation to describe a planetary 


operations such as 
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motion and wander from the intended location. This 
tendency must be restrained by centre punching, drilling, or 
adequate guide bushing. With the spiral-point drill a sharp 
point is presented to the work and it automatically centres 
itself. 

This tendency of the chisel point to wander has further 
disadvantages. As is commonly revealed in the depression 
formed before the drill has cut to full diameter, the shape 
of the hole is polygonal rather than circular. As drilling is 
continued, the flanks of the drill tend to correct the shape 
but in many instances cannot achieve a complete rectification 
and produce a truly circular hole. This is the more marked 
in shallow holes or thin workpieces. 

Apart from the shape of the hole, size is also affected 
adversely. The slightly mis-shapen hole is drilled oversize 
ind the loss of dimensional accuracy persists to some depth. 
Inspection will disclose the familiar “bell-mouthing” at the 
entry face of the work. A spiral-point drill, by contrast, 
cuts a circular hole of predictable and dependable diameter 
Bell-mouthing is virtually eliminated. 

It is this characteristic of non-circular, bell-mouthed, and 
inconsistently oversize holes produced by the chisel-point 
drill that necessitates a secondary truing and sizing opera- 
uuon of reaming or boring In many instances, use of a 
spiral-point drill will provide consistently a degree of 
accuracy that will obviate the need for a sizing operation 
and consequently reduce both cost and production time 


The Cincinnati ‘‘Spiropoint™ drill-sharpening machine. The grinding wheel 
spindle is parallel to and gyrates around the axis of the stationary drill 








Diagrams of photomicrographs showing rake angles and cutting action 
at successive planes along the cutting edge of a chisel-point drill (above) 
and a spiral-point drill (below) 
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For deep-hole drilling, the spiral-point drill performs to 
marked advantage over the chisel-pointed tool. The self- 
centering action of the spiral point keeps the drill on location 
and produces a straight hole. In the drilling of hollow 
shafts from both ends the superior performance of the spiral- 
point drill is most marked. An incidental feature of some 
importance in deep-hole drilling is that the form of the 
spiral point gives an easier chip flow into the drill flutes. 
This reduces the number of backing-off strokes to clear chip 
congestion, with a consequent saving of cycle time. It also 
lessens the risk of drill breakages; not infrequently a serious 
item in respect of cost and production. 

Drill life is greatly affected by the heat generated by 
friction in operation. Considerable effort is made to deliver 
coolant fluid, mist or air, to the point of operation and, in 
general, the cooler the drill the longer its life will be. Should 
the drill overheat, the cutting edges dull more rapidly and 
more frequent regrinding is necessary. This involves a 
double penalty as it increases down time for drill changes 
and increases the consumption of drills. Unless drills are 
maintained in good condition the accuracy of the work will 
suffer and the risk of drill breakage, and further loss of 
time, will be heightened. 

A special study of the generation of heat when drilling was 
made by the Cincinnati Co. In the case of the conventional 
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chisel point the major problem was found to be the lack of 
cutting action at the point, which has a high negative rake 
angle. Although in some metal-cutting operations, con- 
ducted under certain conditions and at high speed, good 
results are obtained with negative rake, at the point of a 
drill conditions are unsuitable and the speed is very low. 
Hence, it was concluded, a radical change in point geometry 
was required. 

Pursuing these investigations a series of photomicrographs 
were obtained of 0-500 in diameter drills in operation. The 
method employed was to bring the drills to an immediate 
dead-stop whilst they were forming chips. Both drills and 
workpieces were then sectioned in planes at different radial 
distances from the drill axis. These sections were 
photographed and enlarged. 

The diagrams, prepared from the photomicrographs ard 
reading clockwise from the left, relate to section planes at 
0-010, 0-020, 0-030, 0-050, 0-140 and 0-240 in distance from 
the axis. From zero to 0-030 in from the axis the rake angle 
is minus 56 deg. Thereafter, the angle improves and 
eventually changes sign. Comparison of the chip structures 
in the first and the last of the diagrams provides evidence of 
the inefficient cutting action of the point. There the metal 
is not being cleanly sheared off, but rather is being pushed 
or rubbed off with heavy friction and the generation of 
considerable heat. 

A second series of diagrams shows sections of a spiral- 
point drill in operation; the sections being taken at the same 
distances from the axis as those for the chisel-point drill 
to permit direct comparison. The three relevant sections at 
0-010, 0-020, and 0-030in from the axis show negative rake 
angles of 27, 23, and 20 deg respectively. The figures are a 
manifest improvement and the diagrams indicate that posi- 
tive cutting action and chip formation commences at the 
drill point. In such circumstances, less frictional heat is 
generated. 

As a consequence of improved cutting action, the thrust 
required to force the drill into the work is lessened; by from 
15 to 34 per cent, with the greater reduction being obtained 
at the slower feed rates. Driving torque is also reduced, in 
some instances by as much as 15 per cent. 

For sheet-metal work, as in body production, the spiral- 
point drill is of particular value. Its self-centering action 
eliminates the need for centre spotting and the hazard of 
producing surface-damaging runs through inadvertent 
mis-starts of drilling. Drills intended for sheet-metal work 
are specially ground to an angle of 180 deg instead of the 
normal 118 deg, as shown in the illustration. A familiar 
problem when drilling sheet metal, particularly when drilling 
with hand tools, is the tendency of the conventional drill to 
bite into the metal as it is breaking through. This usually 
results in a hole that is badly out of round and with large 
and ragged burrs on the underside of the work. It is also 
a frequent cause of breakage of small-diameter drills. The 
spiral-point drill ground to 180 deg obviates this difficulty. 
It cuts a circular hole and the outer lips act in the manner 
of a trepanning tool, leaving the hole practically free of 
burrs on both sides of the work. 

Grinding of the spiral-poini drill must be precise and the 
special “Spiropoint” machine is an essential. On _ this 
grinder the drill is held stationary and the grinding wheel 
makes a gyratory motion around the axis of the drill. 
Operation is simple, with dial setting for drill size and angle. 
Feed is by hand in increments of 0-001 in for dry grinding. 
A mist coolant system is available if faster stock removal 
and better finish is required. For the smaller plants, for 
which a machine would be uneconomical, drills can be 
resharpened by tool factors as a service. 

Charles Churchill and Co. Ltd., Coventry Road, Birming- 
ham, 25, are selling agents in the United Kingdom for the 
“Spiropoint” grinder and other Cincinnati tools. 
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New Plant 


Recent Developments in 


| the range of Johansson cylindrical grinders, handled 
in the United Kingdom by Stuart Davis Ltd, Much Park 
Street, Coventry, are two universal machines 1U-A and 
2U-A having swings of 10 in and 14 in respectively. Model 
2U-A, illustrated, is available in four versions of different 
length to handle work up to 78 in between centres. The 
wheelhead will swivel through 360 deg and can be used at 
either the right or left of the table for plunge, shoulder, 
or diameter grinding. Twelve speeds ranging from 20 to 
330 rev/min are provided for the workhead. A live spindle 
is standard equipment but a dead centre is supplied on 
demand. Chucks, collets, and centres are all interchangeable 
at both ends of the spindle which runs in super-precision 
roller bearings. 

As standard, the tailstock centre is manually retracted, 
but it can be hydraulically operated and foot controlled if 
desired, to leave the operator’s hands free for loading and 
unloading. Since the tailstock is not reversible, a special 
tailstock is required for operations at the end opposite to 
normal. A _ hinged internal-grinding attachment, shown 
fitted, is suitable for grinding bores from 4in diameter 
upwards. Should a specially high degree of surface finish 
be required, the normal wheelhead can be removed and 
replaced by a heavy, rigid, internal-grinding head 

The standard wheel-dressing attachment is fitted to the 
tailstock, enabling the wheel to be dressed without removing 
the workpiece. Other attachments are available; one for 
dressing both internal and external wheels and one for 
radius form dressing. Another fitment is a profile truing 
device, on which both the diamond and the tracing pin are set 
at an angle of 25 deg, so that it is unnecessary to change 
the position of the diamond, even when truing a radius on 
a 90 deg shoulder. This device is operated from the central 
hydraulic system. No pressure is exerted, however, on the 
diamond slide when in operation; only the weight of the 
vertical slide loads the diamond. 

A 40 gal coolant tank is provided, divided into a number 


universal 
machines 
(Stuort Dovis Ltd.) 


Johansson grinding 


‘JHANSSON 
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and Tools 


Production Equipment 


of settling chambers. The coolant pump is connected to 
the workhead motor so that both operate simultaneously 
Electric motors are dust-protected and are furnished with 
individual fuses. All electrical controls are enclosed in a 
cabinet at the rear of the machine 


Vibration limit controller 

With this instrument, operated from 110 or 200-250 V, 
50-60 cs mains and consuming only 40 W, vibration in 
machines or structures can be measured, monitored, and 
recorded. Manufactured by Dawe Instruments Ltd., 
99 Uxbridge Road, London, W.5., the overall dimensions 
are 10 in » 14in « 9 in high and the weight is approximately 
241lb. The pick-up, without probe, is 1} in diameter and 
2} in high and weighs only 1 1b. Rotating machinery or 
heavily loaded structures are automatically monitored for 
excessive vibration by comparing the signal derived from the 
pick-up continuously against a pre-set bias voltage. A trip 
valve is triggered if the signal rises above the predetermined 
level and a heavy-duty relay then operates an alarm or shuts 
down the machine 

Of the moving-coil type, the pick-up is hermetically 
sealed to maintain accuracy under conditions of high 
temperature and humidity. Twin screened leads up to 
200 ft long enable the controller to be placed at a safe 
distance from a pick-up mounted in a dangerous or inacces- 
sible location. Over the frequency range from 20 to 400 
c s (1,200 to 24,000 rev min) the pick-up provides an output 
voltage proportional to the velocity of vibration of the 
surface with which it is in contact. A signal representing 
displacement is obtained by applying the output voltage 
to an integrating network, followed by amplification and 
rectification. The resulting D.C. signal operates a meter 
calibrated in peak displacement for a simple 
harmonic motion applied to the pick-up. This meter reading 
of average vibration level can be recorded by plugging in 
a standard D.C. milliammeter, as in usual practice. 


values of 





Vibration limit controller 


(Dawe Instruments Ltd.) 


A sensitivity control provides four ranges in British or 
metric denominations: 0-0-0011 in, 0-0:003 in, 0-0-010 in, 
and 0-0:030 in; or 0-0-:03 mm, 0-0:1mm, 0-0:3mm and 
0-1-0 mm. The controller can be set to trip at any vibration 
level between 20 per cent and 100 per cent of the full-scale 
deflection of the meter on any range. 


Extrusion of sealant 

An air-operated Graco pump mounted on a pneumatic 
ram is used to distribute and extrude Sealastic, used for 
windscreen, rear light, and weather assemblies, at Vauxhall 
Motors, Luton. The problem of dispensing this heavy 


material rapidly and conveniently at several stations on a 


body line has thus been neatly solved. This method enables 
a heavier-bodied material to be used than would otherwise 
be possible, which renders the operation quicker and cleaner. 

The material is supplied in 40-gal, open-top drums and 
these are jacketted with Isopad heater units. Operating on 


Air-operated sealant pump 


(Alfred Bullows and Sons Ltd.) 


an air pressure of 75 lb in*, the pneumatic ram is used to 
elevate the pump when loading and unloading drums, and 
apply a steady pressure to the ram in the drum when the 
pump is operating. The ram seals the material from dirt 
or foreign matter and scrapes the drum clean with negligible 
loss. Material is lifted directly from the drum, pumping 
being effected from the top to obviate aeration and channel- 
ling of the material. 

Five pumps are used, each mounted on a pneumatic ram. 
The pumps have a pressure ratio of 40: 1, so that a line 
pressure of 75 lb in® yields a material pressure of 3,000 Ib in’. 
The material is pumped direct from the drum through } in 
bore flexible hose to an overhead steel manifold, 1} in bore 

30 ft long. From this manifold, take-off lines are dropped, 
each comprising 16 ft of } in hose, plus a 6 ft tail piece of 
in bore to give added flexibility, and terminating in an 
extrusion gun. Four guns are taken off each system, which 
is independently operated by one pump. 

Sole distribution of Graco equipment for the United 
Kingdom is through Alfred Bullows and Sons Ltd., Long 
Street, Walsall. 


Optical projector 

This portable optical projector may be attached to a 
variety of machine tools. It may be permanently mounted 
on existing grinders, lathes, milling machines or other tools, 
or can be set up when required in a period of minutes, 
using either universal or special adapters. In use it makes 
possible continuous, precise, magnified checking, direct 
measurement, and comparison of work contours against 
transparent overlay charts. It is readily converted from 
one application to another. 

The instrument has found its most common application 
with circular and flat-form tool grinding, production grinding 
of precision contours, regrinding of tools, and dressing of 
critical wheel and tool shapes. It enables worthwhile 
savings in machining time, and consequently better use of 
equipment, to be effected together with closer control, less 
spoilage, and lessened operator training time. Simul- 


Portable optical projector 


(Stocker and Yale, Inc.) 
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taneously, it provides a standing visual check on spindle 
and wheel alignment and runout conditions 

Standard interchangeable optical units give magnifications 
of 10X, 20X, 31-25X, 50X, 62-5X, 100X. Other available 
accessory equipment includes a protractor screen, illumina- 
tors, and compound mounting devices for direct linear 
measurements to 0-001 in or 0-0001 in. The manufacturers 
are Stocker and Yale, Inc., 40 Green Street, Marblehead, 
Massachusetts, U.S.A. 


Compressed air line filters 

From a study of air line filters conducted by Vokes Ltd, 
Henley Park, Guildford, Surrey, the conclusion was reached 
that for efficient operation, coupled with low resistance to 
flow for long periods between replacement, two types of 
element were necessary. Accordingly, a new range of 
transparent-bow! filters for | in, { in, and | in air lines is 
designed to accommodate alternative filter packs 

A standard general-purpose element, VAF 57, 
for the removal of water, oil mist, or grit where the con- 
centrations are average. The alternative element, “D” Pak, 
is for applications where oil or water mist removal is of 
primary importance and a high degree of purity is essential! 

A single wing nut attaches the interchangeable element to 
the diecast light alloy housing and a ribbed clamp nut 
secures the transparent bowl, which is available in two 
different capacities. Standard units are capable of operation 
at pressures up to 150 1b in’, and for higher pressures up 
to 250 1b in? metal bowls are supplied. To service it is 
merely necessary to remove the bowl plug and draw off the 
collected moisture and impurities. For optimum perform- 
ance it is recommended that the element should be replaced 
at six-month intervals. 


is suitable 


Work- and lift-truck tyres 

Wheels for work trucks, and trolleys, and lift-trucks are 
now available with resilient tyres of polyurethane rubber 
Designated “Revvothane” by the wheel manufacturers, 
Revvo Castor Co. Ltd, Old Ford Road, London, E.3, this 
material is claimed to have a working life ten times that of 
natural rubber. Load carrying capacity of tyres of Revvo- 
thane is approximately four times that of normal rubber 
tyres of the same size. The tensile strength of the material 
is of a high order, 5,000 lb in*, and this combined with 
good bonding characteristics gives a tyre that is not suscept- 
ible to incidental damage from debris encountered on the 
workshop floor, or rapidly become cut, torn or chipped 
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Transparent-bowl 


air lines 


Io meet specific requirements the material can be cured 


to give any hardness from 65 deg w 95 deg Shore. Standard 
tvres have a hardness of 92 deg Shore, which precludes the 
“pick-up”’ and the of metal objects from place to 
Abrasion resistance is of the order of 30 to 40 mm 

Other advantage- 


“carry” 
place 
that is, three times that of natural rubber 
ous characteristics, of par*icular value in werkshop applica- 
that it is unaffected by contact with oil or fats, 
and is highly resistant to high-aromatic 
aviation kerosine. Water absorption ts nil 
tvres can be used in conditions where natural rubber tvres 


tions, are 


motor fuel and 


These new 
would quickly become swollen and deteriorated 

They are but Intle affected by atmospheric and temperature 
They can be used in temperatures from —20 
120 deg ¢ 
or oxygen and therefore they never 
is claimed to be 


conditions 
deg C to They are quite unaffected by ozone 
“age” or “perish” and 
their tough resilience retained indefinitely 
Dressers for coated abrasives 

Dressing tools specifically developed for use on coated 
abrasive belts, 
inthe U.S.A. The range of tools produced by the 
Stephan Manufacturing Co. of Urbana, Ohio, is now being 
the United Kingdom by the Addison Tool 


Marshalsea Road, London, S.E.1 rhree 


discs, and pneumatic wheels are widely used 
Desmond 


distributed in 
Co Ltd » 2s 


Dressing tools for abrasive belts 
Addison T C td) 





models are available, two with flexible-tooth cutters and the 
third with stiff-tooth cutters. 

Selection of these tools is determined in accordance with 
the grain size of the coated abrasive to be treated. Model 
BCA-1 with flexible-tooth cutters 1% in diameter and a face 
width of 14 in is for use on abrasives of 200 to 300 grain 


size, while BCA-2 of similar dimensions is for abrasives of 


Both tools are suitable for either 
For abrasives of 60 grain size or 
14 in 
This, 


from 60 to 200 grain size. 
wet or dry applications. 

coarser, the stiff-tooth dresser BCA-4 with cutter 
diameter and a face width of }j in is recommended. 
as a rule, is used on dry applications. 

When dressing, a light infeed pressure and from two to 
four passes across the face of the belt should be sufficient. 
The dresser should always be applied with the cutters 
running parallel to the axis of the belt support rollers or, 
in the case of a disc, aligned on a plane intersecting the 
axis. A shearing action is undesirable and should be 
avoided. Cutters are easily changed and replacement sets 
are available. 

Vibratory finishing machine 

A range of machines for finishing parts in the mass by 
a vibratory process has been developed in the U.S.A. by 
the Pangborn Corporation. This system makes possible the 
processing of interior or shielded surfaces that are inacces- 
sible by conventional barrelling methods. American experi- 
ence and technique is now available to the Hepburn Conveyor 
Co. Ltd., Rosa Works, Wakefield, which has recently 
concluded an agreement with the Pangborn Corporation to 
manufacture the machines and ancillary equipment in Britain. 

An advantage claimed for the Pangborn machine over 
more orthodox tumbling or barrelling equipment is that 
both the amplitude and frequency of the vibratory motion 
can be varied. Thus each machine is capable of handling 
a wide range of work at optimum production rates. Less 
grinding or burnishing media and less finishing, polishing or 
colouring compounds are required for a specific quantity 
of work. Visual observation of the work in progress is 
possible throughout the operation. 

Machines can perform cleaning, desealing, deburring, 
radiusing, fine finishing, colouring, and burnishing opera- 
tions. Extreme examples of their range of capabilities are 
severe cut-down of 0-025 in stock removal from stainless 
steel forgings and castings and delicate deburring and 


Vibratory finishing machine 
(Hepburn Conveyor Co. Ltd.) 
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Internal grinding attachment for Werner spline-shaft grinders 
(Rockwell Machine Too! Co. Ltd.) 


finishing without distortion of laminations 41in diameter 

0-006 in thick. Currently, machines are being manu- 
factured in capacities of 14, 3, 6, 12, and 18 ft* and the 
Company will undertake the layout and building of complete 
processing plants with all necessary equipment, and supply 
compounds and media as required. 


Internal spline grinding 

For the Type 3:275 range of four Werner automatic 
spline-shaft grinding machines, accepting shafts of from 
}in to 34in diameter in lengths up to 71 in, the manu- 
facturers, Fritz Werner AG, West Berlin, have recently 
introduced an intern.l grinding attachment. Providing the 
number of splines is even, it enables the flanks of spline 
bores to be ground. Grinding spindles are available to 
cover bores from }j in to 3} in diameter. After the normal 
grinding spindle and the wheel dressing unit are removed, 
the attachment is mounted in the bore of the headstock. 
The grinding wheel is belt driven from a motor mounted 
vertically above the main housing. Cams for controlling 
the hydraulically operated cross movement of the internal 
grinding spindle are mounted on the machine table, as also 
is the special wheel-dressing device. 

The workpiece is held in a three-jaw chuck mounted on 
the standard workhead, and a fine adjustment is provided 
for accurate positioning of the spline grooves. In operation, 
the lower flank of the rearmost spline groove is ground 
during the left-to-right travel of the hydraulic table. On 
reaching the reversing point the grinding spindle is auto- 
matically traversed hydraulically to the front so that during 
the reverse stroke of the table the lower flank of the dia- 
metrically opposite spline groove is ground. 

On completion of the double stroke, when the table has 
reached its extreme left-hand position and the grinding 
wheel is clear of the work, the dividing head indexes auto- 
matically and brings the next groove into the horizontal 
position. The grinding spindle is also automatically traversed 
to its rear position and the grinding process repeated. By 
following this procedure, one grinding pass is carried out 
on all flanks as the workpiece is rotated through 360 deg. 
After resetting the grinding spindle in the vertical position 
the next grinding pass is undertaken on all flanks. This 
operating cycle is repeated until the finish dimensions of 
the spline grooves are reached. 

Rockwell Machine Tool Co. Ltd., Welsh Harp, Edgware 
Road, London, N.W.2, are the sole selling agents for this 
and other Fritz Werner machines in the United Kingdom. 
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Belleville Washer 


When the Black Knight Rocket roars 
150 miles up into space it is guided by 
the swivelling through an angle of the 
four combustion chambers of the 
Gamma engine. An efficient damping 
mechanism is needed to prevent damage 
when the limit stop is reached. 


Belleville washers provide the perfect 
answer to the problem 

Belleville washers are solving design 
difficulties in every industry where 
resistance to exceptionally heavy loads 
is beyond the capacity of helical springs 
and particularly where movement under 
shock or sustained load must be re- 
stricted to very fine limits. Salter 
; technicians can help you. Their services 

are freely at your disposal. 
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MAKE THE FINEST BELLEVILLE WASHERS 


1760... 
s. 


GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Established 1760 
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Compensation for out-of-balance 











Slight non-uniformities in machining, lack of homogeneity 
in materials .. . displacement of the centre of gravity 


and the principal inertia axis from the rotational! 






axis... and you have an out-of-balance rotor. 

An inefficient component — sometimes 

a dangerous one 

When the rotor is narrow, single plane j "Uj ) 


conection le eulficiont— comments catied \ 
«J 






static balancing. Single plane vertical axis 
balancing machines speed up the operation 
by rotating the workpiece. The clutch friction 
plate shown here is balanced, corrected by 


riveting, and checked without removal 






from the machine 


A full range of vertical axis machines, for 
rotors 7!b. to 400 !b., both single and two plane is 
available. Correction by drilling, riveting or 


welding according to requirement. 


Write to the address below, quoting reference AE4 





ELECTRODYNAMIC BALANCING 


W.4&T. Avery. Limited, Birmingham 
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STAINLESS STEEL 
ACCESSORIES... 


.. for the car 
in your life 


\/ FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


is the only company in Europe to devote its activities exclusively to the production 








and development of stainless and heat-resisting steels. 
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ROLLS-ROYCE 


use 


HARPER CASTINGS 


FOR THE BENTLEY 






The Harper Castings illustrated are for 
the Gear Box and steering mechanism on 


the Bentley ‘S’ Saloon. 


Harper quality covers Grey Iron, 
Spheroidal Graphite Iron and 
Meehanite* castings, metal 


pressings, machining, enamelling 


4lso makers of the famous 
Beatrice Oil Heaters 


and Harper Housewares. 





Harper Castings for the 
steering mechanism of Bentley 
cars, 


*The word MEEHANITE is a 


registered trade mark 


| 
| 
| 
| 
| 
| 
and sub-assembly work. 7 
| 
| 
| 
| 
| 
| 
i] 





Send for our latest illustrated booklet on Harper Castings. 


JOHN HARPER & CO. LTD. WILLENHALL STAFFS 

Phone WILLENHALL 124 (5 lines) LONDON, Phone . ABBey 5906/7 - MANCHESTER. Phone. BLAckfriars 0295 
FOUNDED 1790 

H668 
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Mail by 
iOSs 


GEAR 


6 OR 8 SPEED 
GEARBOX 


INCLUSIVE OF OVERDRIVE 
INCORPORATING FINGERTIP 
CONTROL FOR DOUBLE 
SPEED CHANGING WITHOUT 
DECLUTCHING 


Further information upon request 


THE MOSS GEAR CO. LTD., CROWN WORKS, TYBURN, BIRMINGHAM, 24 


Telephones : ERDington 1661-6 
Telegrams : Mosgear, Birmingham 
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Don’t 
worry, 
Mr Waterside- 
it’s an 
aluminium 


grille” 


There’s no need to protect it 

from summer showers. An aluminium 
grille is aluminium through and 
through — not just a surface coating 


through which rust will soon appear. 


Aluminium 
doesn’t 
rust! 





ALUMINIUM LTD 


-REYNOLODS T. 


THE BRITISH ALUMINIUM CO LTD... 
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3 CABINET 
MACHINE 








SIZE 2 CABINET 
MACHINE 


MINOR CABINET 
MACHINE 


All hungry for work and ready to tackle all you put before 
them. They are not particular what they get whether it is 
engine parts or crank cases, gear wheels or castings. Power- 
ful and accurate jetting action rapidly removes all the 
grease and swarf, even from many of those particularly 
difficult corners. And, this is why Dawson equipment is so 
widely used in car engine manufacture for cleaning cylinder 


blocks and other complex parts. 


Whatever your problem our wide experience and extensive 


technical resources are at your disposal. 





Sole Distributors 


DEGREASING AND DRUMMOND= ASQUITH LTD. 


CLEANING PLANT King Edward House, New St.,Birmingham 
Tel. Midland 343! 








Manufacturers: DAWSON BROS. LTD., GOMERSAL, Near LEEDS. Tel. Cleckheaton 3422 (5 lines) 
London Works: 406 Roding Lane South, Woodford Green, Essex. Telephone: Wanstead 7777, (4 lines) 
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A NEW HIGH LEVEL 
IN HEAVY DUTY 
AIR CLEANER 
PERFORMANCE 


AIR FLOW CAPACITIES 
of from 450 to 950 c.f.m. 


Up to 98% of foreign 
particles are removed 
by the primary centifruge 
stage,with the Long Life 
paper element bringing 
the overall efficiency 


up to 99.9% 


as tested to B.S.S. 1701 


Alternative tubular 
side inlets and outlets 
are available at 
various angular 
positions. 


A range of the world famous heavy 
duty DONACLONE DUO-DRY Air Cleaners 
is now being produced under license 
from the DONALDSON Company inc., 
U.S.A. by... 


COOPERS 


MECHANICAL JOINTS LTD 


Lianfoist Works, ABERGAVENNY, Mon. Telephone 1045 
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AUSTINgeven 


USE 


6 | Pal IC KY 
cast WAIVE GUIDES & ‘taceo’ TAPPETS 


SUPPLIED AS CASTINGS os FULLY MACHINED 


G:CLANCEY L™: BELLE VALE - HALESOWEN 


THE LARGEST UANUFACTURERS Ok VALVE CLUIDES IND TAPPETS IM FUROPE 


TELEPHONE: CRADLEY HEATH - 69411-2-3 








Pee be ctog Clamps 


To ensure economic output, work 
loading and fixing times must be 
cut to the minimum in all pro- 
duction operations, but at the 
same time accuracy and efficiency 
must be maintained. 
Much depends on the design of jigs and 
SPEETOG fixtures and most designers now regularly 
Nee = specify “ Speetogs ’’ wherever instantaneous 
clamping and release of the job is required. 
As standard units for immediate incorpora- 
tion into jigs and fixtures ‘* Speetogs”’ are 
unequalled and for years now we have 
regularly supplied them from stock. 


There is a “SPEETOG”’ clamp 
for every purpose. 


Write for details of our ever 


k —~—-— a4 
growing range. ~~ pa 

4 4*s . . 

< ae I 


Speed Tools L424 | 


VEREKER HOUSE , GRESSE ST., LONDON W.1. Museum 1039/1099 SPEETOG BULLDOZER 


—_— 


NRP 9080 
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GASTINGS LIMITED 
makers of 

Malleable Castings 

for famous firms 








Leyland Motors specify OUR 
free cutting malleable castings 
because they reduce costs. 

We satisfy one of the largest 
makers of public service vehicles 
in the world with sound, accu- 
rate and easily machinable 
castings. 

You, too, can save money by 
specifying our free cutting 


malleable. 


CASTINGS LIMITED 


FOUNDED 1835 
SELBORNE STREET, WALSALL, STAFFS. Tel: Walsal! 3118-9 
and at LICHFIELD ROAD, BROWNHILLS, STAFFS. Tel: Brownhills 2318 
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ALUMINIUM BRONZE CO.LTD. 
Walfows Lane-Walsall . Staffs. jigs Moto Wats: 


STAFFORD PLASTICS LTO 


Subsidiary of Robert McArd & Co. Ltd 
CROWN WORKS «© DENTON - LANCASHIRE 


Telephone: DENTON 3837 Telegrams: PIONEER, DENTON, MANCHESTER 
A.1.D. & A.R.B. APPROVED 
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The right 
GRINDER 
for the job... 


Power War Power Vane Power Vane 

oner ae ’ r 

, , 3/40-P ws indie 

3017-AS Dry Sander ”) irca “ Fmt i -- 80 Die Grinder 
us ac hine 


One company needs a tool for polishing hub caps. to the finishing of small parts. Six of CP’s wide range 
Another for the heavy duty grinding of giant castings, of grinders are illustrated here; you can see the full 


yet another has to tackle the problem of grinding in range in the CP Grinder Catalogue 


awkward positions and needs an angle machine. And 
for all these jobs —-CP can supply the tools 


Ch fe mate the seh omer, potsncr ov wie MADIRDIUTCUM MTTETTITAUT 


brush machine for every type of work from shipbuilding 


CONSOLIDATED PNEUMATIC TOOL COMPANY LIMITED DAWES ROAD LONDON Swé6 


cr 27 


Automobile Engineer, May 1960 93 











MAGNETIC CRACK DETECTION 


IS SIMPLE AND SURE 


Even when too fine to be detected by any normal 
inspection method, surface cracks can be discovered 
immediately with AEI magnetic crack detection 
equipment. Developed primarily for tests on com- 
ponents produced in the company’s own factories, 
ranging from large forgings to small pinions, this 
AEI equipment is very simple in operation. Use 
is made of a special magnetic fluid which, after passage 
of the magnetising current, enables all cracks to be seen 
with the unaided eye. Most requirements in industry 
can be met from the standard range of AEI crack 
detectors. Special equipment can, however, be made 





to order. 
The Metroflux Type “SA” universal magnetic crack detector che ef 
is an extremely flexible unit. It is of great value for testing Please write for full technical details, 
components of large size or awkward shape, and for routine and descriptive leaflets. 


testing of mass-produced components, 


Associated Electrical Industries Limited 


INSTRUMENTATION DIVISION-Scientific Apparatus & X-Ray Department 
Trafford Park, Manchester 17 





N/C201 
















A Really Fast 
‘s Torquer ”’ 
PE ESR 


SAFEST & GREATEST TORQUE 
WRENCH OF THEM ALL. 


Fast, Accurate, Foolproof. Will tighten 
1, 100 or 100,000 nuts to exactly the 
same degree of tightness. 








RANGE-8 Models cover 2 to 700 
LBS/FEET. or .276 to 96.74 Kg./M. 
a”, 4", 3” & 1” Square drive 





Triple Safety Signal by TOUCH, SIGHT & SOUND 
All models adjustable. No special setting rig required 


TOOL UP WITH (4lI({lii 
Manufactured at ERvicg 1OOY 


BRITOOL WORKS, BUSHBURY, WOLVERHAMPTON, ENGLAND. 
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GRANKoHAFTD 


INDUCTION OR NITRIDE HARDENED 


again 7 
a, All-modern plant with quantity 







production capacity available for 


fully machined crankshafts 


sroup of Companies 


COMPANY LTD., PRECISION & GENERAL ENGINEERS 








ALDRIDGE, STAFFS TELEPHONE : WALSALL 6561/8 


+ 
te 
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Sifbronze Welds are Good Welds. Whether for low 
temperature welding or for full fusion welding, there is a 33-rod 
range covering every class of gas-welding operation. 

Quality counts, and Sifbronze rods are first-quality rods 

and are made to BSS 1453 and BSS 2901. 


If you are not using Sifbronze, write now for full details. 


"“SIFBRONZE 
WELDS STAY 
WELDED’ 


SUFFOLK IRON FOUNDRY (1920) LTD., STOWMARKET, SUFFOLK. 





says Will the Welder 





AEB 














CENTRELESS 

GRINDING 
DEEP DRAWN ae 
DRAWING SMALL 





You can count on 
GRIFFITHS, GILBART, LLOYD. & CO. LTD. 


EMPIRE WORKS, PARK ROAD, BIRMINGHAM 18. 
Telephone: Northern 6221. 





Le 
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ANY METAL ; ee 
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ANY QUANTITY =< 
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DESIGNERS! THIS IS THE ONE 

REFERENCE BOOK TO SOLVE YOUR 

FLUID SEALING PROBLEMS — 
AND IT'S FREE! 





































When you design 

Fluid Seal applications, 
don't be without this 
valuable Reference 

Book issued by Pioneer 
Prepared by practical 
engineers, it includes 

the latest up-to-date 
information on Fluid 

Seal Technology, 
comprehensive data on 

a wide variety of 
applications, how to install 
correctly with easy-to- 
follow illustrations for 

all the various types of seal: 
produced by Pioneer, and a 
full range of available sizes 
The Pioneer Reference Book 
which comes to you on 
request, is a practical work 
for the busy designer and is 
part of the Pioneer service 
which includes free advice on 
any Fluid Sealing problem. 


Pionee 


OILSEALING & MOULDING CO. LTD 


Factory and Head Office: Cottontree Works, Colne, Lancs. Tel: Wycoller 471 (8 lines) 
rT T COMPANY NAME 
GET rouR copy | 
OF THE PIONEER | | 
FLUID SEAL | ADDRESS 
| CATALOGUE | : 
: NOW MARK FOR THE ATTENTION OF 
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Get this B’under 
your bonnet... 


This B* is the Lanarkshire High Tensile bolt which is 
equally at home in engine, chassis or body. It is the bolt 
for heavy duty applications— although even on unstressed 
components it often pays to use a bolt with ample reserve 
strength. If you like to anticipate the unforeseen — specify 
Lanarkshire High Tensile the bolt supplied in carbon and 
alloy steels of R.T. and V grades (45-75 tons). 


Ask for up-to-date delivery terms. Lanarkshire 
Hieh Tensile bolts are available in B.S. 1083 (Whitworth and 
B.S.F.) and B.S. 1768 (Fine and Coarse) threads. 


Hundveds of buyers use our ‘Monthly Stock 
List’ for chasing bolt supplies. It’s sent free, every month, 
to interested parties. 


LANARKSHIRE 


BOLT Ligtteé» 





Hamilton, Lanarkshire, Scotland. Tel: Hamilton 1241 /4. 











OLYMPIA ] 
LONDON 
June 25-July 8 


Sundays excepted 
9.30 am-6 pm 


Make sure you visit the greatest engineering event 
of the year—The International Machine Tool 
Exhibition ... No-one concerned with quantity 
production—whether in technical, administrative or 
operative capacity—can afford to miss this vast and 
truly comprehensive show at Olympia, London. 

It summarizes the best of contemporary production 


techniques ; it shows the shape of things to come ! 


Machine Tools 

Engineers’ Small Tools 

Gauges and Measuring Equipment 
Testing Equipment 

Electronic Control Gear 

Presses and Power Hammers 
Woodworking Machinery 

Heat Treatment Plant 


Here’s your opportunity to see them all 

under a single roof—to see many of them 
powered and in operation—to discuss their 
application to your own production problems with 
the world’s best-informed production experts. 


international 
Machine Tool 


Exhibition 1960 


Organized by The Machine Tool Trades Asso-iation, 


Brettenham House, Lancaster Place, London, W.C.2 


Automobile Engineer, May 1960 

















min 





ules 








a cine camera went into action 


ee 





Photographic materials 


for scientific and 


industrial photography 
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STOWED AWAY in the boot of an Austin A.105 in the 
Monte Carlo Rally was a small box. It measured9 6 - I6inches 
and contained an automatic cine camera, a clock, an instrument 
panel and a lighting system 

Every three minutes during the Rally the cine camera recorded 
brake temperatures, counted the brake applications, noted the 
duration of braking, and recorded many other things of interest to 
the scientists at the Ferodo Research Centre 

This exercise was part of the continuous research carried 
out by Ferodo Limited — research that is not concerned solely with 
road vehicles. incidentally, but embraces aviation, rail transport, 
coal mining and other major industries 

As with other leading research organisations in the auto- 
mobile industry, Ferodo rely on * Kodak” photographic materials 
to record the vital information which forms the basis of further 


research and further progress. 


Have you seen the new 28-page booklet 
‘Photography in Industry and Commerce’? 
Write for a free copy to Kodak Limited, 
Industrial Sales Division, Kingsway, London, 
W.C.2, mentioning this journal 




















INFRA-RED 
PAINT REPAIR 
UNIT 


H.0.3199 





EMERAL ELECTRIC CoO. tte. 
OUSE, KINGSWAY, LONDON W.C.2 


4 
Bs 








MECHANICS 
OF ROAD 
VEHICLES 


W Steeds OBE BSc ACG! MiMech E 








An important new book 
for students of 
automobile engineering 


Using the term mechanics in its mathematical sense, this new book 


covers all the standard problems connected with road vehicles 

including much material which has not hitherto been collected together 
in one volume. Starting with problems of equilibrium and linear and 
rotational motion, it proceeds to deal with calculations relating to 
torque relationships and gear boxes; vibrations and springs; brakes; 
pneumatic tyres; dynamics and directional stability The book has 
been specially written for students of motor engineering, junior 
designers and draughtsmen, but it will also be of interest to students 


of engineering in general 


Contents : 


Problems of Equilibrium — Motion along a Straight Line — Angular 
Motion Torque Relationships and Gear Boxes — Vibrations and 
Springs — Vehicle Suspensions — Brakes Some Properties of 


Pneumatic Tyres—Dynamics of a Rigid Body—Directional Stability 


and Transient Motion of a Vehicle. 


35s net. by post 36s 4d 287 pp 198 illustrations 


from leading booksellers 
Published for AUTOMOBILE ENGINEER by 


lliffe & Sons Ltd Dorset House Stamford Street London SEI 
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= 
Wilmot Breeden Birmingham, London, Manchester, Bridgwater, Paris, Melbourne. 


@ Reprints of previous advertisements in this series can be obtained upon request to Advertising Dept., Wilmot Breeden Ltd., 13-14 Oxford Street, Birmingham 5. 
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Bonnet lid, or boot? Boot! 
Inside see spanner, jack. Old newspaper, gardening glove lurking. 


Dead match, dead mouse, dead resolution. Alas. 


Nobody looking .. . lift lid again. 

Click, whoosh. Why so light? Why so smooth firm easy? 
Counterpoised. Contra-balanced. Cantilevered. Spring assisted. 
When up, up. When down, down. 

When only half-way up, neither one nor tother. 

Wilmot Breeden research. Clever. 


Boots, boots, boots, boots, movin’ up an’ down again. 


Be serious. When up, up. Kick, shout, bang with clenched fist .. . Stays up. 
Cardinal virtue. When downing simple routine. 

Lift and lower (telescopic support). 

Or press and lower (spring-loaded hingery). 

All types. All Wilmot Breeden. Click! 


Some day, clear out boot. Must. Burn paper. Bury mouse. 
Meanwhile thank Wilmot Breeden smooth, light, easy, not chop fingers. 
Boot-supports. Boot locks, too. Bumpers. Door locks, mechanisms. 
Window winders. Wilmot Breeden. Radiator grill, maybe? May well be. 


Good. 


Virtually every British car roads today some Wilmot Breeden components. 
Oh, good. (Mem: bury mouse.) 


1960 
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Choose 
. | aS. 
t h e Y ] g h t | Self-adhesive Urethane Foam 


cutting fluid REDUCE COSTS and 


here SPEED PRODUCTION 
Tesamoll is a new synthetic material with unique features. Its 


imterconnected cellular construction compresses easily and 

me ; : . = m . as < ant, ge -back. It is rapidly replacing foam 
> right c on the right job makes all the differ- | as a constant, gentle push i 

she gis custing and ae rubber and felt as well as giving results not always possible 


ence to production figures. Fletcher Miller technical repre- with traditional materials. 
| IN ELECTRONICS. Tesamoll has many uses in this 





sentatives are always ready to advise on the correct choice | 
. modern sphere to mount instruments, cushion, pack, eliminate 
of cutting fluids and their advice is backed by the research | _ vibration and seal against dust. 
and resources of a highly specialist organisation. Publica- | ENGINEERING. Tesamoll can be used as gaskets for powder 
moe ‘ : chambers, io seal against dust, to mount small components, to 
tion SP 173 “Cutting Fluids” contains much useful infor- reduce chatter and vibration and noise 


RADIO AND TELEVISION. Tesamoll is invaluable because 
of its unique electrical, acoustical and dust sealing qualities. It 
is ideal for sealing T.V. tubes because it is electrostatically 
negative and tends to repel dust and other air or gas borne 
particles 

SAVE TIME. Tesamoll has a powerful pressure-sensitive 
adhesive which adheres firmly and instantly to any dry, clean 
surface. Self-adhesive Tesamoll saves many man-hours, is 
clean and quick to use and efficient in operation. 


mation on this important subject and is free on request. 


} 
TESAMOLL can help you | ——. 
too. Tell us your problem, | booklet 

we may well have the 

answer. Please ask for | Siving full details of 
samples for testing 


the physical, acoustic, 
electrical and chemical 
| characteristics together 
| with the range of 
| 
| 





thicknesses, widths and 
prices from 





FLETCHER MILLER LTD., 
ALMA MILLS, HYDE, CHESHIRE | 


SEALDRAUGHT LTD., 
Chandos House, Buckingham Gate, 
London, S.W.1. Tel. ABBey 3571/2. 


CF 133 | 
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quench 
press 
Instrumentation 


gives precise quality 
Fords rely on Honeywell Radiamatic-Electronik system 


to obtain the right quenching temperature 








I am interested in Honeywell quench press 


lease send me 


Instrument Data Sheet No. 5.2-1 U.K 


NAME 





POSITION 


ADDRESS 


Branch Offices in the principal towns ar 
of the United Kingdom and throughout the 
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With this use of the Radiamatic method at Fords, 
Honeywell Instrumentation takes another area 
of car production under efficient quality 

control. RADIAMATIC heat detectors linked to 
ELECTRONIK instruments, control] the quenching 

on 12 Gleason presses . remove the guesswork 
from temperature measurement and control 

ensure consistent product quality with no distortion 
Honeywell quench press controls can be applied 

to single or multi-stage quenching operations 

They are unaffected by vibration, 

high process speeds, high temperatures 

For the very first time they make 


press quenching a precision operation 





I 
a ~~ 
| WRITE OR SEND THE COUPON TODAY il ; 
I Honeywell Controls Limited, Cw nN ' 
| Ruislip Road East, Greenford, "a 17 
| Middlesex. WAXlow 2333. ( « . 
| ExXwHIBITION 
I 
| Honeywell 
! 
° C . 
| V6U WO 
| SInCE 16665 
AE: | 
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130 SHAFTS FACED AND CENTRED PER HOUR 


Facing ¢ off each end and drilling 
4" centres in 2)" diameter Electric Motor 
Shafts in a floor to floor time of 27 


seconds, is typical of the high production 


which can be achieved on the — 


HEY No. 3 DOUBLE ENDED 
CENTRING & FACING MACHINE 


@ Perfect alignment of centres 


@ True faces and accurate lengths 


@ Turned finish on faces 


® Eliminates subsequent facing down 


to centres or recentring 





™, 


ENGINEERING CO. LTD. 


Standard 


iameter 
Faces 3 9 mum bar 





achines, Short 


Multiple 


nines vitip 


chines, Tappin 


Rounding 


hine Tools for 


COVENTRY PHONE: COVENTRY 88641 





P.M. HELDT sa. 


explains 
principles and 
practice 

in the American 
automobile 


industry 


Vices have man" 

of 63 
length h 

lengths to 

24, 48 


diameter 
capacity 


or 72 long 


NRP 1522 








The Automotive Chassis 


Without Power Plant. 3rd Edition 

An authoritative exposition of Ameri- 
can automobile practice. This valuable 
book deals comprehensively with all 
aspects of frames, springs, axles, 
wheels, tyres, drives, steering gear, 
brakes, universal joints and differential 
616 pp. 400 illustra- 
By post 81s. 9d 


gears. 84” x5”. 


tions. 80s. net. 


Torque Converters or 
Transmissions 


Sth Edition 


Describes the principles and operation 
of all modern American types of auto- 
mobile clutches and gearboxes. Fric- 
tion, automatic, hydraulic and electric 
clutches are dealt with, and the chap- 
ters on power transmissions include 
electric, hydrostatic, hydro - kinetic, 
automatic and pneumatic systems 
84”> 5”. 476 pp. 285 illustrations 
70s. net. By post 71s. 9d 


High-Speed Combustion 
Engines 

16th Edition. 

First published in 1912, this well-known 
standard textbook covers American 
practice in the most comprehensive 
manner. All aspects of the subject 
are covered in great detail, including 
the design, production and testing of 
all types of petrol engines. Profusely 
illustrated, this book is a complete 
treatise on current American practice. 
83” <5". 776 pp. 521 illustrations 
105s. net. By post 106s. 9d. 


High-Speed Diesel Engines 

7th Edition. 

For Automotive, Marine, Railroad and 
Industrial Use. A guide to American 
practice in diesel engines of the auto- 
motive type. Design, fuels and fuel 
injection equipment, supercharging, 
lubrication, operation and maintenance 
are among the subjects dealt with, and 
there is also a chapter on gas turbines 
84”x5”. 472 pp. 288 illustrations 
65s. net. By post 66s. 9d 


From leading booksellers. Published by : 
ILIFFE AND SONS LIMITED - DORSET HOUSE - STAMFORD ST., LONDON, S.E.1 
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This is 
 Tecalemi 
isnt it’? 


TrcaLemit—tusric ATION, Of course. You see th Aston-Martin, Ford, Jaguar and Rover use a 
Tecalemit target and arrow sign and take the ! great deal of Tecalemit extruded nylon piping 

in for lubrication service. Grease pumps pe for fuel lines and vent pipes. 

lifts, oil dispensers, air compressors—everything’s But Tecalemit are famous for oll firing 

Tecalemit, right down to the grease nipp Oil firing: it takes you out of the automotive field 
So it’s simple: Tecalemit stands for Lubricatior and into the brickworks and kilns. Much tidier 


‘ 


But Tecalemit stands for filtration brickworks, of course: no heaps of coal and slag 
In spite of high compressions, greater loadings Just pipe runs, control panels, high efficiency and 
and higher speeds, modern car engine bearings can low cost. Oil firing is becoming a major industry 
tolerate almost anything—anything except in itself—and Tecalemit one of its most 

foreign bodies in their oil. Thus the Tec-element prominent names 

an oil filter element of astonishing efficiency But Tecaliemit make a thousand other things 

Most leading British engine manufacturers fi Grease guns, power pumps, hose reels, lifts, 
Tecalemit oil filters and so recommen sprayers, washing units .. . automatic and 
Tec-elements as replacements. Sound advice! multiple lubricating systems for machinery and 
But Tecalemit make precision nyion piping too vehicle chassis air cleaners, breathers and 
Nylon piping for automotive uses was once merely ribbon elements (finest air filtration at lowest 

a Good Idea. If only you could use it, it would } cost) in fact,an amazing number of things that 
cheap, vibration resistant, strong, supple help keep industrial and automotive machinery 
chemically inert and so on. But how could it be washed, pressured, connected, controlled, raised, 
produced to precision limits? Tecal l 
the answer—-a resounding and exclusive technical Oh yes—and lubricated. For of course Tecalemit 


emit found lowered, filtered 


triumph. Nowadays such great names as Austin, stands for lubrication. 


the Authority on Lubrication 


Tecalemit Limited - Plymouth - Devon 
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Why pre-assembled Remote 
a 
lockwashers and screws : Control 


Units 











Placing lock washers on With SEMS the washer 
screws takes time —costs and screw are supplied as 
money a manufactured unit, cut 


SEMS eliminate this handling, assembly costs 











With SEMS, washers are SEMS washers fit closer 
held on by the screw’s under head, tapered twist- 
rolied threads. Washer ed teeth lock ughter 


losses are eliminated 

















All types of Remote Control Units 
are produced by Gills including 
| Units made to manufacturers specific 
Registered Trade Mark designs. Famous for twenty years 


for one reason only— 


PRE-ASSEMBLED “‘SHAKEPROOF”’ dey ean gatliiy b en. 
LOCK-WASHER & SCREW UNITS 


BARBER & COLMAN LIMITED 
BROOKLANDS - SALE ‘ CHESHIRE 


TELEPHONE: SALE 2277 (4 lines) GRAMS: ‘* BARCOL”’ SALE 


Cables Ltd 





~' 





SHAKEPROOF & LOCK WASHERS 








B A R B E R SHAKEPROOF THREAD CUTTING SCREW 
COLMAN SHAKEPROOF SEMS PACKINGTON HALL WORKS - LICHFIELD: STAFFS 
Telephone: WHITTINGTON 284 & 285 Telegrams: “REMOTE”, LICHFIELD 
TRADE MARK | <a mm 











Automobile Engineer, May 1960 








PARK GATE 


QUALITY STEELS FOR 
AUTOMOBILE ENGINEERING 
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special freecutting 
casehardening 
quality bars 


THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 


= 
A G) Company TEL: ROTHERHAM 2141 (10 lines) GRAMS: YORKSHIRE, PARKGATE, YORKS TELEX 54141 
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(3) Ah ce ARE you I“ e-designing ? ee 







Very often our design engineers can improve 
the structural form of your castings, and at 
the same time reduce complexity and cut 
costs. That way you'll get cheaper, more 
sound castings of unequalled quality 
T and accuracy. This technical teamwork 
can tackle a// your casting problems 
—and solve them. 


CASTINGS FROM A FEW \ 
OUNCES TO 10 TONS \ 


in phosphor-bronze, gun-metal, aluminium- 


bronze, manganese-bronze, and light alloys . 
Precision machined bushes and bearings. 5 
Specialists in high-tensile aluminium- 


bronze castings, centrifugal-cast wheel 
blanks, shell moulded castings and chill-cast 
rods and tubes. Continuous cast phosphore 
bronze bars up to 12 feet lengths. 


NON-FERROUS CASTINGS - HIGH-DUTY IRON CASTINGS 
PRECISION MACHINED BUSHES AND BEARINGS 


T. M. BIRKETT, BILLINGTON & NEWTON LTD > 





HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 


Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs, 21453;4 





- = 


a ‘ 
ome with a 


7 rn 
oe oe 
eg AE 


Brightened aluminium is rapidly gaining more and more 
friends in the motoring world. — Its astonishing brilliance 
and extreme lightness are praiseworthy enough, but when 
added to the fact that it can last the lifetime of a car it 


LONGER LIFE 


a 





means no one can afford to ignore its capabilities. Why . 
not write to us for details ? EXTREME LIGHTNESS 
7 J 
ees 8 oe FO ).*) Ble). PY Ff) 88.7 8 8.3 1 8h. ole fw om BRILLIANT ee 
= — o -” 
WESTWOOD ROAD, WITTON, BIRMINGHAM.  Tel.: EASt 1561 = — 
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PRECISION 
MACHINING 










PRESSING 














CHASSIS 
FRAMES 






WHEELS 


Vi, 








ASSEMBLY WELDING 


de 








Six birds — one stone Should vou need al! of these products and services at once, you can kill six 
birds with one convenient stone tossed in the direction of Sankey of Wellington. If your requirements are 
less comprehensive, then the same aim will be just as effective for any one of them or any combination. 
To give you some idea of our capacity, we make 20, pressed steel vehicle wheels every day. To give 
you some idea of our scope, we assemble tank transporters on the one hand and washing machines by 


the thousand on the other. We specialise in the bigger jobs—in size, quantity or both. If you have one 


in mind, reach for a good throwable stone. 


Sankey OF WELLINGTON 


JOSEPH SANKEY & SONS LTD., HADLEY CASTLE WORKS, WELLINGTON, SHROPSHIRE, 





PHONE: 4321 WELLINGTON, SHROPSHIRE. GRAMS: SANKEY, WELLINGTON, SHROPS. 
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FULLER HORSEY 


SONS & CASSELL 


10, LLOYDS AVENUE: LONDON -E.C.3. Phone ROYAL 486! 


Rathbone 








6 
Show preview MECHANICAL HANDLING, parent journal 


of the MECHANICAL HANDLING EXHIBITION, is the 











ESSENTIAL, world’s leading authority on industrial 

MORE-OUTPUT, mechanization. The Exhibition Preview Number, 
containing a comprehensive guide to all firms 

LESS-COST GUIDE taking part, with concise descriptions 

FOR EVERY of the equipment and methods they are exhibiting, 


is an essential reference for every industrial 


INDUSTRIALIST 
AND ENGINEER 


executive. 














For the up-to-date 
answers to goods and 
materials handling 
problems — see this 
special issue of the ‘ ) 
journal which organizes 
the Exhibition. 


Exhibition Preview 


MECHANICAL HANDLING EXHIBITION - EARLS COURT - 3-13 MAY 
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BHB Pistons have been a driving force 
in the Automobile Industry since 1923. 


Only their outstanding quality 
remains unquestioned—and unchanged. 


Automotive Engineering Limited. 


(One of the Sheepbridge Engineering Group) 


The Green. Twickenham. Middlesex. Telephone Popesgrove 2206/9. Telegrams Motif, Twickenham. 
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A text-book 

for students and 
junior 

site engineers 


BY THOMAS BARRON 
A.M.LSTRUCT.E., A.M.INST.W. 


from your bookseller 





LAYSTALL CROMARD LIMITED 


Dixon Street, Wolverhampton Telephone: Wolverhampton 26941 





More power can usually be obtained by one means or 
another, but often at the cost of more rapid wear. When it can 
be coupled with long life—“CROMARD” liners—then it is 
indeed an achievement and a selling point. 


N.B. These thin wall “CROMARD” liners enable the designer 
to use the largest possible bore, relative to an overall engine size. 











ERECTION OF 
CONSTRUCTIONAL 
STEELWORK 


Here is a thoroughly practical text-book covering every stage of operations in the 
erection of steelwork for buildings and bridges. Containing photographs, tables and 
a large number of the author’s own drawings, this companion volume to 
CONSTRUCTIONAL STEELWORK SHOP PRACTICE has been produced under the direction 
of the British Constructional Steelwork Association. The author is widely ex- 
perienced in steelwork erection and in dealing with the many particular problems 
involved. By special arrangement with the B.C.S.A. the price has been kept down 
to that of its companion volume in spite of the greater number of pages and the 
increase in printing costs. It is thus well within reach of students and junior site 


engineers for whom it is primarily intended. 


82” «x 54” 240 pp. illustrated. 15s. net. by post 16s. 1d. 


Published by ILIFFE AND SONS LIMITED - DORSET HOUSE - STAMFORD ST - LONDON :: S.E.1 
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“BROOMWADE” Type 


HPSS Squeeze Riveter P 


with push button control in 


use during the assembly of 


the inner rear hub and 
outer bearings to the axles 
shaft of the Triumph 
Herald. 
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“BROOMWADE” HYDRO- 
PNEUMATIC SQUEEZE 
RIVETERS have been the means 
of overcoming numerous rivet- 
ing and punching problems 
which previously were considered 
almost impossible. Perfect rivet 
formation can be attained in the 
most restricted places, and enor- 
mous power can be concentrated 
in a small hand-held tool. 








“BROOMWADE” Type 


q HPSY Bench-mounted 


Squeeze Riveter pressing 
in a Silent bearing to the 
gearbox operating shaft 
of the Triumph Herald. 





“BROOMWADE” Type HPS15 
Squeeze Riveter. Riveting over a 
Nylon bearing bush to a ball selector 
peg during the assembly of the 
Standard 6 cwt. Van Gearbox. 


An intensifier having a large 
compressed air operated 
piston exerts its total load ona 
small hydraulic ram mounted 
in tandem. The resultant 
hydraulic pressure is from 30 
to 60 times greater than the air 
pressure used, and is trans- 
mitted to a small operating 
cylinder on the riveting yoke. 
This operating cylinder can be 
applied to any type of yoke, 
hand held, bench mounted, or 
floor mounted. Control of 
the unit can be either by foot 
pedal operated valve, or by 
remote push button. 

A world-wide service organis- 
ation is available and expert 
advice from  works-trained 
technical representatives. 
Write for full details. 


*“BROOMWADE’’ 


AIR COMPRESSORS & PNEUMATIC TOOLS 
YOUR BEST INVESTMENT 


BROOM & WADE LTD., 


Telex : 15 — 527. 


P.O. BOX No. 7, HIGH WYCOMBE, 
BUCKS. 


761 SAS 


¥ 


& 
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Star quality 





MAAR anaes 


This GF Malleable Casting 
is a conveyor bracket. 


What, no guitar? Please let us explain : 
the star material we are talking about 
is GF Malleable Iron. 

Its versatility astonishes even us, 
We cast it in many parts ; 
it’s particularly good in tough roles, 
and seen to best advantage in long runs 


— which we, like all producers, naturally prefer. 


in the long run you will prefer 


GF 


BRITANNIA IRON & 
BEDFORD Telephone: Bedford 6726! 


MALLEABLE CASTINGS 


Facts and figures are 
yours for the asking. 
Please write or ‘phone. 


STEEL WORKS LIMITED 
ENGLAND 


A member of the GEORGE FISCHER group (Switzerland) 
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Have you 






A PRESSING 
PROBLEM?... 








Accuracy, good finish, consis- 
tent high quality 
naturally with Sutcliffe Speakman 
hot pressings and stampings. 
Machining can be undertaken to 
limits down to .0005”. No quan- 
tity is too large, no job too comp- 
licated, no standard too exacting. 


these come 












Pressings and stampings in 
non-ferrous alloys including alu- 
minium, brass, chromium-copper, 
cadmium-copper, manganese 
bronze and nickel silver. Castings 
in gun-metal, phosphor bronze 
and heat-resisting nickel chrome 
alloys. 








... ask 


Eo oon Se 


SPEAKMAN 





SUTCLIFFE SPEAKMAN & CO. LTD., Leigh, Lancashire. Tel: Leigh 94. 
London Office: 2 Caxton St., Westminster, S.W.1 Tel: Abbey 3085 





-1F YOU MUST HAVE 





Bintst 


Jactio/ MALLEABLE 
casTincs 


SEND FOR DETAILS OF OUR FILM “* MODERN MALLEABLE”’ 


‘MODERN MALLEABLE”’ (2nd Edition) !f you have not had a copy, 
kindly send us a P.C. We shall be pleased to forward one, post free. 


HALE. HALE timireo 







timireo DUDLEY PORT Stof#s 


PRONES TIPTOM 167 
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Regd Trade Mark No. 719.268 








FOR SHAFTS ROTATING AT HIGH SPEEDS 


Specially designed and produced for the purpose—Weston IMPAX Seals are established for use 
on high speed rotating shafts, coupled with high fluid temperatures and pressures. A new series 
has been developed, using the most advanced materials to keep pace with the quickening tempo 
of modern machine operation. 


Toi ale Mielm@al-i\ a Or: bt-llelelll-Malel mie [Otelaalel sitcoms I< 


CHARLES WESTON & CO. LED. 


Tac iste. @e A .els.c—-tl @lelUlelisl-m Clacl-iall aiclale|(cilelambelclilelsenme 


ndleton 28 8-9. Telex. GE Foremungham, rd 
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air suspension 
or 
steel springs? 


British cars are built with a firm 
suspension for fast cornering on winding 


country lanes. American cars have a 


very “soft” suspension to suit their 


MT 


Nt 


concrete highways. Should our designers 
copy and use “‘soft’’ steel springs with 


twice as much displacement ? 


AT 


Would they be safe on country lanes 


and would the public buy? 


Write for this provo- 
cative article by Alan 
Hodgson and also his 
booklet “‘Leaf Spring 
Design’. 


Richard Berry 
& Son, 


Birmingham Road, 
West Bromwich, Staffs. 
Tel: West Bromwich 1766 7 8° 


Richard Berry aims to give 
comfort and high speed 
efficiency with springs of 
every kind, made by men 
with skill and craftsmanship. 
These easy riding springs 
endure the worst of road 
conditions in Britain and 

all over the world. 
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SHAPED FOR 
PARTICULAR NEEDS 


The variety of shapes within 
an orchestra is not unfamiliar 
but the shapes demanded 

by modern industry are often 
extraordinary. For all shapes 
and specifications, Aston 
nevertheless guarantee the 
highest accuracy and quality 
in all their presswork 

in brass, bronze, copper, 
aluminium, or tin plate. 
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FOR PRESSINGS 


Makers also of Aston Victor,*® 
Aston Chandelier, 
and Aston Jack Chains 


ASTON 


(* Registered Trade Mark) 
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ASTON CHAIN & HOOK CO. LTD., BROMFORD LANE, BIRMINGHAM 24 
Tel.: ERDINGTON 2235/6/7. Grams.: “‘Chainwork’’ Erdington 


The 
Modern 
Diesel 








A standard 
work — 


brought right 
up to date 


by Donald H. Smith, M.1.Mech.E. 
Over 96,000 


new 13th Edition 
copies sold 


now available 








Provides detailed information on the characteristics of high-speed 
diesel engines and their fuel injection equipment. The latest 
trends in fuel injection practice, combustion chamber design and 
fuel and lubricant developments are covered, engines for road, 
rail, marine and industrial uses are discussed and principal 
British, American and Continental engines in current use are 


reviewed. 
17s. 6d. net by post 18s. 8d. 288pp. Illustrated. 
from leading booksellers. 


Published by Iliffe & Sons Ltd., 
DORSET HOUSE, STAMFORD ST., LONDON, S.E.1 

















Automobile Engineer, May 1960 








High precision engineered 
components with an 
established reputation 
for quality ... 

Minor items maybe. . . 
but of major importance 
to the efficiency of the 
modern motor vehicle. 


Water Pumps, Oil Pumps, 
Steering Idlers, 

Clutch Plates, 

Gear Change 
Mechanisms, 

Bearing Boxes, 

Brake Drums, 

Push Rods, Ball Pins, 
Shackle Plates, 

Axle and Hub Assemblies, 
Thrust Plates and 
Assemblies, 

Machined Components 
of all kinds. 


CONCENTRIC MANUFACTURING (0., LTD. 50... casy 061.2345 


TYBURN ROAD - BIRMINGHAM 24 
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Manufactured by 
B. PRIEST & SONS LID. otp nite : stares - Enc. 


Telephones: CRADLEY HEATH 66501/4 


SHIMWELL’S ‘LONDON’ KNYGHTS... 
a Kayghe to remember 


It was a darke and stormie Knyght 

(And rane cayme downe in torents) 

All ‘London’-clad hys ladie favre 

Dyd rescue, from that Foule Knyght’s lare 
(Who's cote was rusted past repayre) 


Fyne prase, then, ‘London’ warents ! 
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vell-vemp* 
Vv 
\c a 
{gar * a four-and-twenty page 
brochure. giving full de- 
tails of the excellent pro- 
perties and some of the 
an endless applications of 
‘London’ Brand sheets 
will be sent gratis on 


©] cs 
SHIMWELL & C® LTD "< 
WELLINGTON ROAD, LEYTON, ONDO 
LONDON, E.10. LEYTONSTONE 2281-8 “"W™, 2 any WV’ 
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Telegrams: “BOLTS OLD HILL, CRADLEY HEATH"’ 


ANTI- 
CLOCKWISE 
lous Walol.| 

(ON REQUEST) » 


CLOCKWISE FOR 
ilohr walel.| CLOCKWISE 
(STANDARD) Ltohs Sale]. | 


Banish rotary 
shaft leakage on 


e@ coolant pumps 
e hydraulic transmission systems 
by fitting 


EEZTETT 6) Flexibox) MECHANICAL SEALS 


Write now for full information to 
FLEXIBOX LIMITED - NASH ROAD - TRAFFORD PARK - MANCHESTER 17 
Telephone: Trafford Park 1477 - Telegrams: Fiexibox Manchester Telex 
Agents and representatives in all parts of the world 
Associated companies in U.S.A., France and Germany 
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DUALLOYS BEARINGS FOR THE MI. 

The Engines of the famous Midland Red Coaches, 
which average 60 mph (top speed 85 mph) on the M1 
are fitted exclusively with Dualloys Main and Big 
End Bearings, as are a// Midland Red Engines now 


being built 


FOR ALL INTERNAL COMBUSTION 
APPLICATIONS to every specification. Dualloys thin 

wall bearings can now be supplied as original equipment 

Dualloys thick wall white metal lined, and copper-lead 

and lead-bronze lined bearings are already specified 

as original equipment by many leading firms* at home 

and abroad for petrol and diesel engined public 

service and road transport vehicles. Our unique process Tie wtbo-charasd 


prevents all lead segregation and copper hardening “CM5" Midland 
Red engine 


STRICT LABORATORY SUPERVISION AND METALLURGICAL CONTROL ensure the highest 
standards of accuracy and workmanship in all DUALLOYS Main and Big End Bearings. *Famous 

users of Dualloys Bearings include:—The Birmingham and Midland Motor Omnibus Co. Ltd.; Bristol 
Commercial Vehicles Ltd.; Coventry Victor Motor Co. Ltd.; Davey, Paxman and Co. Ltd.; Dennis Bros 
Ltd.: Enfield Industrial Engines Ltd.; The English Electric Co. Ltd.; Fodens Ltd.; Pelapone Engines Ltd. ; 


F. Perkins Ltd.; Transport Equipment (Thornycroft) Ltd 





te Dijalloys 


LIMITED 


4 Member of the Sterling Industries Group 


THE PLAIN BEARING SPECIALISTS 


Write for advice and quotations without obligation to 


DUALLO YS Technicians are always readily available to solve your Plain Bearing problems 
Telephone: Chard 2341/3 


DUALLOYS LIMITED, DEPT. A., BODEN WORKS, CHARD, SOMERSET. 


JW.Ad/4792 
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For perfect ‘originals’ and first- 
class prints always, work with 
TURQUOISE pencils. The 
unrivalled TURQUOISE lead 
structure gives you cleaner, 
sharper lines every time. No 
omissions, ghost lines or fade- 
outs. 


SMOOTHNESS 

for swift effortless drawings and no 
flaws 

BLACKNESS 

the 100% Electronic graphite 
means crisp lines of maximum 
density 

STRENGTH 

needle points hold under greatest 
pressure, save time wasting shar- 
pening 

DURABILITY 

the longest line remains constant in 
width 

GRADING 

17 precise grades from 9H to 6B 
Try Turquoise drawing leads 
available from 2B to 6H 


JURQUOISE 


pencils 


EAGLE PENCIL COMPANY ‘ASHLEY ROAD: TOTTINHAMN.17 












eed] BRAKES 


E.300 EXHAUSTER 
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self-contained 


low price @ other sizes available 


@ Very high efficiency 
& 


Vacuum Power Brake equipment for all 
types of vehicles. 


FEENY & JOHNSON LTD 


134/136 EALING ROAD, WEMBLEY, MIDDLESEX 
Telephone: Wembley 4801/2 Telegrams: Feejohn, Wembley 
DHB/7462A 


300 cu. ft. per hour 





for quality in bearings 


Jook ahead with LEAD 


. and there is nothing to equal 
the LEAD acid battery for reliability and economy 


The technical officers of the Association are always 
LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, London, W.C.2 
Telephone: WHitehall 4175 Telegrams: Leadevep. Rand. London 


glad to give individual assistance 


LDA3}-60 
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The M977 Double Beam Oscil 
for a wide range of auxiliary eqt 
cording camer: With its facilities fi 
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All the necessary 
facts and figures about 
the plastics industry 





The only classified guide to the trade and its products published 
| This 1960 edition, revised and brought absolutely up to date, 
contains all general and trade information required by everyone 
connected with the plastics industry—users and producers of raw 
materials, finished products and machinery. 


Handsomely bound in one comprehensive volume, BRITISH 
PLASTICS YEAR BOOK 1960 contains ten essential sections, 
fully referenced. Universally recognised as the standard guide and 
trade encyclopaedia, a copy of this vital work is needed—time and 
again—on the desk of everyone in the trade 





TEN essential sections in ONE volume 








42s net 


from leading booksellers Published for BRITISH PLASTICS by 
by post 43s 9d 
396 pages 


30th edition 


CONSULT ’ 
—E— a "NO PROBLEMS WHERE 


the | = IT CONCERNS THREADS 


experienced 
multi- drilling 
specialists 


Slack & Parr manufacture the 
widest range of multi-heads for 
drilling, tapping, reaming, spot- 
facing, milling, spin-riveting— | 
ranging from ¥ in. diameter | 
holes at ij in. centres to multi- | 
heads 5 ft. square | 
Whether you require adjustable 
centre heads for small batch | 
production or fixed centre heads 

for larger quantities, the S.P.K 
range will meet your require- 
ments For any small component, 

a complete set-up can be supplied 
using the S.P.K. hydro-pneumatic | 
machine. For larger components, 
multi-heads can be supplied with 
jigs ready for production on the 

customer's drilling machine. Years THE isi Fe | T ] Ss H 
of practical experience have ied 

to a large degree of standardisa- | 

tion ro Saieve attained on WIRE THREAD INSERT 


“multi-drilling’” equipment 


Iliffe & Sons Limited Dorset House Stamford Street London S E1 








A precision product which is the answer 
Tell us your production probiems to your thread problems. The Cross wire 
—they may not be problems to us pon a ae aoe thread insert is made in high carbon steel, 

( ) ” ’ . hardened and tempered. These inserts 

Phone: COMBE DOWN 2355/8 are simple, accurate and effective. For 


SLACK & PARR LIMITED Grams: ‘CIRCLE’ BATH ferrous applications they are available in 


stainless steel (not recommended for use 


"auch, Aen. am Nr DERBY with light metals) and in bronze for non- 
. , magnetic service. Send for full partic- 
Telephone Kegworth 306 ulars. 





B.S.F., metric, B.S.P., B.A., Whitworth, 
Unified etc., etc. 
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C. and b, Smith Lmited 


WOLVERHAMPTON AND WEDNESFIELD, STAFFS 
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CLASSIFIED ADVERTISEMENTS 
RATE 4d. per word, minimum 4/-. Each thousands 





eth a ape I 

ypes 0 J issue should be to hand not lat 

BOLTS, NUTS. than frat post 25th May. No responsibility and thousands 
STUDS... SITUATIONS VACANT = to a thousandth 





MOTOR Engineer Insurance. A leading 
Insurance Company is considering the 
appointment of Engineers to its own Staff for s 
the assessing and settlement of motor damage 

claims. In the first place an appointment based O an inc 

in Edinburgh is contemplated but applications 
will also be considered from suitably qualified 





Somuel 


ALTRINCHAM ST, MANCHESTER I. 

















LONBON W. Kelway-Bamber & Co. Ltd., men t rate in other centres of Great Britain . : 
wg BE viet Street, London, S.W.1. PPLICATIONS, which will be treated in For machined repetition pro- 
% y Fasteners Ltd., + fid hould ¢ and full details ; 
2. Wall Street, Barnar stle, Co. Durham. of eapetinaee, ooubemt Paar Balle and qualifica- ducts, from the bar, in any 
Tel Barnard Castle 3143 tions, and be sent to Box 928, R. & W. Adver- . | 
: 7 metal to your own 
am OM 46 tising, 18 Hanover Street, Edinburgh {5735 
pers : : specification, con- 
PPLICATIONS are invited for Senior and , 
Junior Draughtsmen vacancies in our Engin- sult M.C.L., the 
eering Department. / : 2 
BK XCELLENT working conditions Staff specialist machi- 
7 4 Pension Scheme. nist 
PLEASE apply in writing, giving full details ists. 
of experience, to the Chief Draughtsman, 
Commer Cars Ltd., Luton, Beds {5730 LF.V., D.A.L, DL 
TUITION ARM., A.R.B. Fully 
.M.ILM.1., City & Guilds, A.M.I.Mech.E., approved. 





etc., on ““No-Pass-No-Fee’’ terms. Over 95% 
successes. For details of Exams and Courses in 
all branches of Auto, Diesel, Aero, Mechanical 











W C YOUNGMAN LIMITED STE T (Dept 645), 29 Cres Lane, London, 

WANDSWORTH WORKS W.8. (5672 
WANDSWORTH ROAD SW8 BOOKS 

Telephone: MACaulay 2233 “ « UTOMOBILE ENGINEER”, Vols. 1 to 47 

(1910-1957), bound, mint, £150. Box No. 

8334, c/o Automobile Engineer. [S734 








M4! ERIAL a? in Works Stores. 2nd 


OTT Edition. J. Hoefkens. Shows how 
the use of fork- 4 a4 and pallets in industrial 





stores can increase production, utilize floor space 
FOR SPARE PARTS, Etc. more effectively, help control of movement and M.C.L. & REPETITION LTD. 
reduce costs. Includes a description of a system 
Walter H. Feltham & Son Ltd actually operated in a modern factory. 18s. net POOL LANE - LANGLEY - BIRMINGHAM 
' ial Work 1 Brid R from all booksellers. By post 19s. from The 
mopeore orks, Tower Gridge Road Publishing Dept., Dorset House, Stamford Street, Telephone: Broadwell 1115 (4 lines) and 1757 
Telephone: HOP 1784 LONDON, S.£.1 London, S.E.1 




















— ASSISTANT 
ENGINEER 


(AUTOMOBILE) 


GENERAL CHEMICALS DIVISION Based on London Head Office, duties 


include schemes of preventive mainten- 
ance for a large fleet of commercial 











has vacancies for GRADUATE ENGINEERS to work in sections applying : vehicles, developing designs for van 
(1) METHOD STUDY to chemical plant design, and bodies, including insulated bodies, 
2) WORK MEASUREMENT and method study to the operation of engineering work negotiations with body-builders and 
shops, including maintenance of a road tanker fleet, rail tank vehicles and diesel manutacturers, technical correspondence 
locomotives. and general development work. 
Applications are invited from men between the ages of 25 and 33 holding a good degree in Age: 28-38 years 
engineering and having had a few years’ experience of any of these types of engineering lifi ari ‘ A M.L.Mech.E 
Previous experience of work study is not essential. Qualifications: ee” 
Although the men appointed to these vacancies might develop as specialists .£ they wished, ad Grad.) _ Five-day week, 
there are frequent opportunities for men working in this field to transfer to other branches Superannuation scheme. 
of the wide range of engineering activities required by the chemical industry Applications giving full details :— 
Salary will be dependent on age and experience, and there is a Pension Fund and Profit- Personnel Manager, S.P.D. 
Sharing Scheme. Where necessary, married men will receive a refund of reasonable removal Limited, (Associate of Unilever 
ny ~~ gaa expenses, and a temporary lodging allowance is payable whilst maintaining Limited), Greenbank, London, 





Applicants should write (quoting reference GE44), stating age, qualifications and experience, to 
STAFF MANAGER, IMPERIAL CHEMICAL INDUSTRIES LIMITED, GENERAL CHEMICALS DIVISION, CUNARD 
BUILDING, LIVERPOOL 3 


























UNIVERSITY OF BIRMINGHAM 
Department of Mechanical Engineering 
Graduate School of Thermodynamics & Related Studies 


The Trade Marks set out below were assigned on the 2nd 
February, 1960, by Fiat (England) Limited, of Water Road, 
Wembley, Middlesex. to Fiat Societa per Azioni, of 10 Corso 


Marconi, Turin, Italy, A course available in the above School provides facilities 

for the study, at advanced level, of modern developments 

WITHOUT THE GOODWILL OF THE in Thermodynamics, Gas Dynamics and allied subjects, 

BUSINESS IN WHICH THEY WERE THEN and of their applications in the general field of the heat 

IN USE engine. The normal entrance qualifications are an 

+ egal Degree - Mechanical eee and prefer- 

ably a minimum of two years of practical experience in 

Registration No. Trade Mark Goods industry. In special circumstances, applications may be 

287504 FIAT All goods included in considered from graduates in other Sciences. On com- 

Class 6. pletion of the twelve-month course commencing on 

287505 FIAT All. goods included in 3rd October, 1960, successful candidates qualify for the 
Class 22. award of the degree of Master of Science. 


Further particulars of this course and of available scholar- 
ships, together with the appropriate forms of application 
for admission, may be obtained from the Deputy Registrar, 
The University, Birmingham 15. 


397209 FIAT Agricultural and horti- 
cultural machinery and 
parts of such machinery. 
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for efficient sealing and 

perfect alignment. Does not 

suffer from distortion or side flow 

under heavy load and retains applied 
torque. 


Selected asbestos fibres blended and felted into a sheet with 
a heat oil resistant synthetic rubber compound results in 
a product of a homogeneous structure and density. 
G.63 is an economical material for use at relatively high 
temperatures and where medium to low internal pressures 
are likely to be encountered. 


PHYSICAL PROPERTIES. Tensile strength 1000 p.s.i. minimum. 
Compression range 25-30", under 1000 p.s.i. Recovery 40°, minimum, 
After ageing Shrs. at 300°F in ASTM No. 1, thickness increase is S‘,. 


Consult Coopers Technical Engineers on sealing problems MECHANICAL JOINTS LTD., SLOUGH, BUCKS Tel. 24511/5 


Cogent 





SOLE MANUFACTURERS OF 


( CROML EX ) 


ALLOY IRONS 








A MEMBER 


OF THE We make CASTINGS 
—— in Both Large & Small 
FOUNDRIES — 

quantities for 


ALL TRADES 


GROUP 


TRIPLEX FOUNDRY LIMITED 


UPPER CHURCH LANE 


TIPTON - STAFFS. 
Phone: TIPTON 129% 
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COPY-NIBBLE 


all the blanks you can’t stamp out 





M.,, blanking or punching jobs are 

too costly for press and tools; area 

too big or too few off, so the ideal 

method is copy-nibbling to cut in- 

ternal and external shapes with no 

extra tools; each one a facsimile of 

the last-—-from one master shape. 

Circular blanks and circular or rect- 

angular cut-outs require no master; 

just make use of the ingenious 

system of movement and co-ordinate 

scales incorporated in the machines. 

Three Trumpf models to cut up to 

0.16 in. thick (32 tons tensile) and 

up to 234 in. diameter. Fuller details 

from U.K. agents can save you worry Tarernotional 

— MACHINE TOOL 


and expense. 2 
Exhibition 
OLYMPIA June 23 - July 6 


Excellent terms; monthly account hire purchase 
or The FJ E Machine Hire Plan. 


EDWARDS HOUSE, 359-361 EUSTON RD., LONDON, N.W.1 . 
Phones: EUSton 4681 (7 lines) 3771 (4 lines) A “> 

Grams: Bescotools London NW1 STAND 8 
LANSDOWNE HOUSE, 41 WATER ST., BIRMINGHAM, 3 * GRAND HALL 


Phones: CENtral 7606-8. Grams: Bescotools Birmingham 3 
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Control is critical... 


no matter what your trailer or your load. In particular, 
if you're hauling a heavy load at high speed you don’t want to be 
distracted by instability and jack-knifing. You want the confidence 
that comes from perfect control — provided by the best 

trailer braking equipment — by Clayton Dewandre of course. 
Clayton Dewandre supply braking equipment to all the trailer 

manufacturers in Great Britain and really know the business. 

No matter whether it’s vacuum or air pressure power operated, 
hydraulic or mechanical operation, automatic or independent 
control, we can supply the equipment to give you smooth, 


progressive trailer braking — control —with confidence. 


CLAYTON DEWANDRE co..t1. * 


TITANIC WORKS +- LINCOLN - ENGLAND - TELEPHONE: LINCOLN 25272 


Ze aan Bes ape, BOs 
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a Cooper Glimax 


a Birmal achievement 


Coventry Climar FPF 

series engine 

Photographs by courtesy of 
Coventry Climar Engines Ltd; 
The Cooper Car Company Ltd 


The Cooper Climax wins again—and so do Birmal! 
Over the years the driver has developed his skill; the 
designer has perfected the car; and Birmal add 
another cylinder head and block to their reputation 
as Britain's leading light alloy casters. 

Birmal have been producing the finest castings by all 
processes for more than halfacentury... 

supplying the motor industry with crankcases, 
cylinder blocks, steering boxes, gear boxes, 
manifolds, torque converter casings, pistons, 

rocker shaft brackets and countless other components. 
Birmal castings can be found wherever the emphasis 
is on durability, lightness and peak performance. 


ef: AM AL > an essential for peak performance 


Birmingham Aluminium Casting (1903) Co Ltd 


Birmid Works Smethwick 40 Staffs 








